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PREFACE 


Tus book was written to fill a. two-fold need; namely, to supply the 
students in the Dairy Industry with a complete and modern textbook; 
and to give the practical man in the commercial plant a ready reference 
work. 

While some of the subject matter may appear technical, it is difficult 
to cover many of the newer phases of ice cream manufacturing without 
dealing with the subject in this manner. No attempt is made to cover 
fully some of the subjects taken up in the text. For instance, a com- 
plete book might be written on the subject of bacteriology as it applies 
to ice cream. However, as courses dealing exclusively with these sub- 
jects are taken concurrently by the students for whom this text is 
designed, the subject matter here presented is intended merely to 
supplement these courses. 

The authors are deeply indebted to Professor W. V. Cruess of the 
University of California for the chapter on Fruits in Ice Cream; to 
Mr. A. W. Farrell of the University of California for the chapter on 
Engineering in the Ice Cream Plant; and to Mr. D. H. Nelson for the 
chapter on Methods of Analyzing Dairy Products used in Ice Cream 
Making. 

The authors wish to express their sincere appreciation to Professors 
M. Mortensen, C. A. Iverson, and B. W. Hammer, all of Iowa State 
College, and to Mr. Robert E. Jones, manager of the Pacific Slope Dairy 
Show, Oakland, for reading the manuscript and offering helpful sugges- 
tions. 

The assistance of Mrs. Susan Cobb Regan, of the English Depart- 
ment of the University of California, has been invaluable. 

Professor C. L. Roadhouse, chief of the Dairy Industry Division, 
University of California, generously put the facilities of the division at 
the authors’ disposal. 

Lastly, the authors wish to express their appreciation to Miss Marian 
Palmer for faithful and willing help in doing all of the secretarial work. 


Davis, CALIFORNIA. 
June 9, 1927. 
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CHAPTER I 


THE HISTORY AND DEVELOPMENT OF THE ICE CREAM 
INDUSTRY 


IcE CREAM, as it is known to-day, did not originate as a spontaneous 
invention. It is rather the result of a gradual evolution in the making 
of cold beverages and ices. The value of snow and ice in cooling wines 
was known in Biblical times. 

Recipes for making water ices and milk ices were said to have been 
brought to Europe from Asia by Marco Polo, who visited Japan in the 
fifteenth century. Water ices are still the most popular frozen confec- 
tions of the Orient, and to-day the street vendors of Eastern cities sell 
ice shavings moulded by hand into balls over which a dash of coloring 
and flavoring has been poured. 

The first step in improved cooling, and with it the first real step 
toward our modern ice cream, was made by the Italians, who discovered 
that by the addition of saltpeter to snow-water, much lower temper- 
atures.were obtained than when snow alone was used. It was later 
learned that adding saltpeter directly to snow was just as efficient. 
Thereafter, water beverages were cooled by inserting the container in a 
dish of snow to which saltpeter had been added. Later, water was 
sweetened and flavored with fruit juices or other flavorings and made 
into water ices. 

Water ices are reported to have been brought to France from Italy 
by Catherine de Medici, in 1550. It is also said that soon afterward 
they were made in Paris by Contreaux, an Italian. More definite 
records, however, date back to the establishment of the Café Procopé, 
about 1660, by another Italian, one Procopio Cultelli, or Coltelli, from 
Palermo. It is said that snow and ice were served in the court of Henry 
III of France during the hot summer months. 

The name “ice cream” is of recent origin. This product was 
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formerly known as “cream ice” or ‘butter ice” because of its thick, 
creamy or buttery consistency. Cream ices were made in Paris in 1774. 
One account states that the first cream ice was served before the Duc de 
Chartres on a hot day in August, 1774, by his chef, who depicted the 
duke’s coat of arms on the cream. It was also served as a sweetmeat 
in the form of highly colored Easter eggs, at the end of a feast given by 
Louis XIV. 

It is accepted that cream ices were introduced into England from 
France by Carlo Gatti and that they were served at the court of Charles I 
of England. Germany is credited, however, with leading England in 
the making of fancy moulded ice creams. 

The earliest printed record of cream ices is found in “The Experienced 
English Housekeeper,’ by Elizabeth Raffald, which was published in 
1769. In 1776 a French cook, Clermont, published a book in London 
containing directions for the making of sweet-ices. English cook books 
over 150 years old give recipes for making cream ices. The early English 
cream ices were made of milk, sugar, eggs, arrowroot or flour, and 
flavoring. 

Ice cream was first sold in the United States by a Mr. Hail at 
76 Chatham Street, whichis now Park Row, New York. It was intro- 
duced into Washington, D. C., by Mrs. Alexander Hamilton, at a 
dinner at which President Jackson was present. Mrs. Hamilton had 
become familiar with the dish in New York. 

The first advertisement of ice cream appeared in a New York paper, 
The Post Boy, of June 8, 1786, and read: ‘‘ Ladies and Gentlemen may 
be supplied with ice cream every day at the City Tavern by their humble 
servant Joseph Crowe.” 

A negro, one Jackson, who worked at the White House at the time 
Mrs. Hamilton, introduced ice cream to the capital, learned the recipe 
and later started a confectionery business. He sold ice cream readily 
at a dollar a quart. Though others soon imitated him, he continued to 
do a thriving business by maintaining a high quality of product. 

The father of the wholesale ice cream industry is considered to be 
Jacob Fussell. Mr. Fussell was a Baltimore milk dealer in 1851 when 
he decided to manufacture ice cream in order to use up his surplus 
cream. He sold the ice cream at 60 cents a quart. Mr. Fussell soon 
found the manufacture of ice cream more profitable than the handling 
of milk, and therefore devoted his entire plant to the making of the new 
product. In 1852 and 1853 he tried making ice cream in the country, 
but the difficulties encountered there more than offset the gain made by 
having a cheaper source of raw materials. The country-plant idea was 
then abandoned. In 1862 he added another plant in Boston, and in 
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1864 he opened one in New York. The prevailing price then was 
$1.25 a quart. 

The following table, showing when and where ice cream was first 
introduced into the various states, was prepared by Professor Mortensen 
and presented at the World’s Dairy Congress in 1923: 


TABLE I 


Earzty History oF THE Ick Cream Inpusrry IN THE UnrrEep Status 


Year when Ice 
Cream WasFirst} Name of Party First Introducing Commercial 


pie Manufactured Tce Cream 
Commercially 
Pennsylvania *... 1800 Mr. Bosio, an Italian confectioner, Germantown 
Maryland........ 1851 Jacob Fusseli, Baltimore 
IMINSS OI. cogses r- 1860 + Perry Brazelton, St. Louis 
ital ee 1860 John R. Clauson, Salt Lake City 
Massachusetts. . . 1862 Jacob Fussell, Boston 
Oli Ose waren 1862 J. T. Rauslev, Cincinnati 
New York....... 1864 Jacob Fussell, New York City 
Minnesota....... 1874 Tinkelbaugh Ice Cream Co., Minneapolis 
Coloradonaaerer 1880 G. G. Carlson 
Connecticut...... . 1880 C. J. Huber, Bridgeport; or John Semon, New 
Haven 
Georgiaimemie ce 1880 + 
Indiana sere 1880 Collins Ice Cream Co., Huntington 
INGE on cisc.n aon 1882 Nicholas Steffen, Wichita 
limors ieee rae 1885 Bloe Bros., Chicago 
Californiat ee snier 1886 Carter Bros., Napa 
TOoWai eae eae 1890 F. D. Hutchinson, Sioux City 
New Mexico..... 1894 J. E. Mathews, of Mathews Dairy Co., 
Albuquerque 
TOxaSwerte rnces 1897 Mr. Boecleker, Dallas 
Kentuekyeenne sc 1898 + 
Arkansasanmeicr 1900 Little Rock Dairy Co., Little Rock 
North Dakota... 1900 Geo. Pirie Co., Fargo 
Montanari ee. 1902 A manufacturer in Butte 
South Dakota.... 1903 Ward-Owsley Co., Aberdeen 
INevadaie mee eae 1908 Harry Chism 
Delaware........ 1915 { Middletown Farms Dairies, Middletown 


——— 


* This was a retail plant, no ice cream being sold at wholesale. 
+ About. 
t Shipped by express as far as 125 miles. 
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The mechanical system of refrigeration was first successfully used 
for commercial enterprises in 1861, though it did not find a place in the 
ice cream industry until after the introduction of the brine freezer. The 
hardening of ice cream with brine was simultaneously introduced. This 
system of hardening was soon almost wholly replaced by the present 
dry-air system, which not merely saves labor but also is the most 
sanitary method of hardening known up to the present time. 

The homogenizer, a machine which is essential in a modern ice 
cream factory, was invented by August Gaulin, of Paris, France, in 
1902. The United States Letters Patent were dated April ies 1904. 
By the aid of this machine the texture of the ice cream has been greatly 
improved. 

Other pieces of equipment which have added to the completeness 
of the ice cream factory are the Mojonnier milk tester, introduced to 
the trade in 1915; the Mojonnier ice cream overrun tester, introduced 
in 1917; the 80-quart ice cream freezer, introduced by the Creamery 
Package Manufacturing Company, in 1917; the Mojonnier ice cream 
packaging machine, which appeared in 1920; the Seal-right ice cream 
filling machine, 1920. 

The ice cream manufacturer, in his effort along the line of expansion, 
has received considerable assistance from rnen who were not directly 
engaged in the ice cream business. The invention of the cornucopia, or 
ice cream cone, increased the sale of the product materially. The ice 
cream cone first made its appearance at the World’s Fair in St. Louis 
in 1904. At that time the Hazelwood Creamery Company arranged for 
the exclusive right to manufacture the cone at the Lewis and Clark 
Kixposition to be held the following year in Portland, Ore. Since then, 
the cone has become known in every town in the United States. The 
Iuskimo Pie, invented by C. Nelson, Waukon, Iowa, appeared in October, 
1921. This also has stimulated the demand for ice cream. 

Instruction in ice cream making was offered as early as 1892 at the 
Pennsylvania State College. The Iowa State College was the next one 
to offer such instruction, but not until 1901. After that the other state 
colleges followed in rapid succession, until ice cream manufacture is to- 
day offered in thirty state colleges which give fairly thorough and 
scientific instruction to from 600 to 700 students annually. In addition, 
many of our colleges are offering short courses in ice cream making, from 
one to two weeks in duration; and most of them are also giving some ice 
cream instruction in the general and more elementary courses offered to 
all agricultural students. ! 


The rapid development of the ice cream industry in recent years is 
clearly pictured by the thoughts expressed in the discussions at the 
early conventions of ice cream manufacturers. Nivling? has examined 
the proceedings of practically all the conventions since the year 1907, 
and has discovered the following facts: 


1M. Mortensen, before World’s Dairy Congress, 1923. 
2 Nivling, S. T., before the 1925 Convention of the National Association of Ice 
Cream Manufacturers. 
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At the convention in the year 1908 the principal subjects discussed 
were “Standards” and ‘‘Sanitation.”’ 

In the year 1909 “ Standards ”’ was still the principal subject under 
consideration, because of the fact that the Department of Agriculture 
had endeavored to establish a 14 per cent butterfat standard. During 
that convention, some slight attention was given to “Gelatin.” 


Courtesy Division of Dairy Industry, University of California 


Fic. 1.—The Modern College Includes a Practical Ice Cream Laboratory. 


All of the subjects mentioned were continued during succeeding years; 
in fact, I have only mentioned those subjects which continued to receive 
consideration during the years following. 

The question of ‘‘ Standards,” of course, continued through practi- 
cally all of our conventions, the greatest activity with regard to this 
subject being during the years previous to and immediately after the 
year 1910. 

In the year 1910, the question of ‘‘ Refrigeration” and “Ice Making” 
were given considerable attention. About that time “ Bacteria”’ 
became prominent, and cork began to be considered a better insulation 
than saw-dust. 

In the year 1912 “Auto Trucks” were discussed as to their prac- 
ticability for ice cream work. Later in the same year at the Dallas 
Convention, the ‘‘Homogenizer’”’ was given prominent consideration. 

In the year 1913 Mr. A. B. Gardiner, of Baltimore, Md., discussed 
“Tee Cream Delivery Costs.” This subject was discussed rather 
generally, Mr. Gardiner’s advice being to use a horse-drawn delivery 
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for the nearby territory, and the electric trucks for the distant territory. 
He advised against using the auto truck as it was too expensive. 


Constant effort on the part of manufacturers to produce better ice 
cream, together with the education of the public in regard to this product 
and their increased confidence in it, has resulted in a remarkable growth 
in the consumption of ice cream. 

The following table clearly pictures this growth and the present 
magnitude of the industry. 


TABLE II 


YErARLY CONSUMPTION OF IcE CREAM IN THE UNITED STATES * 


\| 
Quantity, - Quantity Quantity, 

Mee Rie MOS Gallons i Gallons 
1909 80,000,000 1915 175,224,270 1921 216,569,212 
1910 95,450,000 1916 208,320,000 1922 263,520,000 
1911 138,000,000 1917 219,385,000 1923 294,000,000 - 
1912 160,000,000 1918 231,053,000 1924 285,550,000 
1913 172,380,000 1919 248,381,975 1925 322,729,000 
1914 163,761,000 1920 257,820,490 1926 324,665,000 


* Source: Ice Cream Trade Journal and United States Department of Agriculture. 


The increased consumption of ice cream is only partly attributable 
to the increasing population. The increase in the per capita consump- 
tion tells the true story of the growth of the industry. 


TABLE III 


Per Capita ConsuMPTION oF Icke CREAM IN THE UNITED Sratss * 


Year Gallons Year Gallons Year Gallons 
1910 1.04 1918 2214 1922 2.43 
1914 1.68 1919 © 2.49 1923 2.68 
1916 2.08 1920 2.46 1924 2.50 
1917 2e0G 1921 2.28 1925 2.80 
1926 Det 


* Source: Ice Cream Trade Journal, Vol. XXII, No. 4, p. 45. 


Modern Tendencies.—The most recent development in the ice cream 
industry is the tendency toward consolidation. The year 1925 and the 
early part of 1926 saw some of the largest plants in the country merged 
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into one concern. These present corporations are so large and require 
so much capital that their securities are now listed on the New York 
Stock Exchange. A glance at the industrial history of the United States 
will reveal many similar examples. Not many years ago, most industries 
in America were in the handicraft stage. Labor was the biggest factor 
in most enterprises. As machinery gradually took over more and more 
of the functions of labor in manufacturing processes, capital assumed a 
more important role than labor. This condition, of course, did not 
develop in all lines of industry. There are many examples of promising 
small concerns that tried expansion, left the old factory, and built veri- 
table show places, only to fail. Since the same entrepreneur ability was 
employed in both factories, it is evident that the increased quantity of 
fixed capital invested was not justified. 

Economists have deduced that there is a right size or scale of pro- 
duction for every industry. A preduct that demands a proportionately 
large quantity of capital and very little labor should be produced in large 
quantities. On the other hand, small-scale production must be the 
rule when the grade of product demands a proportionately small 
quantity of capital and when the labor costs are high. 

The ice cream industry is passing out of the period of small-scale 
production. Each year sees not only a larger capital investment in the 
industry but a larger investment per gallon produced. 

Hach year machinery plays a more important part in the manufac- 
ture of ice cream than it did the year before. Every time labor is 
eliminated from the process, more original capital is required. The time, 
no doubt, is not far distant when nearly all ice cream will be made in 
large quantities, demanding a proportionately large amount of capital. 

It should not be inferred that the small manufacturer will be entirely 
eliminated. There is always room for him if he will make a better grade 
of product, requiring more labor. The small manufacturer, for instance, 
can make fancy and decorated ice cream and not have the difference in 
the cost of production that would be incurred in the large plant, where 
this phase must necessarily be a side line. 
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Ice cream has a legitimate place in our nutritional plan, as is proved 
by the known facts brought together in the following pages. It is true, 
nevertheless, that frozen food products have been regarded as confec- 
tions ever since the early days when snow was used to chill beverages. 

In 1906, with the passage of the Federal Act regulating the purity 
of foods, consideration was given to the composition of ice cream, and 
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certain definitions were established, although the food value of the 
product was not considered. The chief consideration at that time was 
to prevent fraud in the manufacture and sale of ice cream, to guard the 
monetary value to the purchaser. 

Ice cream was still considered largely.as a confection, even up to the 
critical period of the World War, when the sugar famine caused it to be 
placed on the luxury list. This caused consternation within the industry, 
and efforts were made to prove that ice cream had value as a food and 
should be allowed a sugar allotment. The facts presented were so 
strongly in favor of this view that it was freed from the ban and its 
manufacture permitted as a food using sugar. 

The interest aroused caused a continuation of the discussion of its 
food value. Ice cream has been finally established as a food, without, 
however, losing any of its popularity as a confection. Though no one 
now questions its great nutritive value, the fact that it was regarded for 
over a century as a confection should not be ignored by those interested 
in the industry. It is a mistake to consider ice cream in the same 
category as potatoes, bread, and meat, for it is unlikely ever to reach 
such a point. The pleasure it gives to the sense of taste will undoubtedly 
continue to be the controlling factor in its consumption. 

Function of Food.—An understanding of the important part that 
food plays in the human body is necessary to a clear discussion of ice 
cream asa food. Broadly defined, a food is that which, when taken into 
the body, either builds tissue or yields energy. 

The chief classes of nutrients necessary to maintain the human 
body are: fats, carbohydrates, proteids, and mineral foods. 

1. Fats, Sugars, and Starches—These are the chief food elements 
that produce energy, fat, and heat in the body. Cellulose and starch 
are not found in milk. Sugar and fat are the most important constit- 
uents. These are found in milk in sufficient and proper quantities 
to supply the body. 

2. Proteids——These chiefly produce muscles, tendons, and _ hair. 
They are also to some extent producers of energy. Good examples of 
the proteid group are casein and albumin, found in milk. 

3. Mineral Foods.—The more important of these are phosphates, 
chlorides, and other salts of calcium, potash, and sodium, with small 
quantities of iron and magnesia. These chiefly produce the bones of 
the body. 

Milk contains calcium, iron, and phosphorus in sufficient quantities 
to supply the needs of a growing individual. These minerals are needed 
especially during the period of cell and tissue building, since the nucleus 
of the body cell is rich in iron and phosphorus. 
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The water in milk is also essential to the body. Milk contains enough 
water to supply the body, provided the body is at rest and no food other 
than milk is consumed. 

Balanced Ration.—When the various classes of nutrients are con- 
sumed in proper proportion, the so-called ‘balanced ration”’ is attained. 
The miscellaneous diet of to-day furnishes all these materials, but a 
good diet should be made up somewhat as follows: 

1. Vegetables and Fruits —Twenty per cent of the diet. These are 
called raw or natural foods, and are relied upon to furnish minerals, 
flavor, bulk, and vitamins. 

2. Protein Group—Twenty-five per cent. This is composed of lean 
meats, eggs, milk and fish, which build tissue, muscles, etc. The quality 

~ of the protein has much to do with its efficiency as a body builder. 

3. Carbohydrate Group.—Twenty-five per cent. This group is com- 
posed of cereals, grains, etc., being used chiefly to give fuel and energy. 

4. Sugars and Sugar Foods.—Ten per cent. These furnish fuel.and 
flavor. 

5. Fats and Oily Foods.—Twenty per cent. These are composed of 
butter, fats, nuts, etc. They also are largely used for fuel and flavor. 

Nutritive Ratio— Definite quantities of these groups are required. 
Within them and the balanced ration mentioned, there is another ratio 
known as the “ nutritive ratio ”’ and defined as the proportion between 
the protein or muscle builders and the heat and energy producers. This 
ratio is usually given as about 1 of the former to 3.7 of the latter. 

The one natural food that most nearly meets this condition is milk, 
and, for young mammals, this is nature’s food. As development con- 
tinues, other foods are required and bulk foods enter the diet. No one 
food proves quite sufficient for adults, though milk still holds its place 
as most nearly fulfilling the requirements. It carries everything except 
the fiber for bulk, has the proper ratio, furnishes all vitamins supposed 
to be essential to tealth, and has the minerals for the bone structure. 
Its position as a nutrient has been established by inrumerable 
experiments. 

Food Value of Ice Cream Constituents.—In discussing the nutritional 
worth of ice cream, it is not necessary, therefore, to dwell at length upon 
the milk solids, except as they will be discussed later from a vitamin 
standpoint. 

In addition to milk solids, sugar and accessories make up the average 
ice cream. 

Sugar, meaning cane or beet sugar, when rationally eaten, is one of 
the best foods for supplying energy to the human body. In fact, sugar 
has the highest net energy value of all carbohydrates. Every food 
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possesses a certain amount of potential energy, which is converted in 
the body to kinetic energy. The body processes (circulation, respiration, 
digestion, and assimilation), however, consume appreciable amounts of 
energy, and there must be deducted from the total caloric value of the 
food that which is lost in the excreta. After making the necessary 
deductions, there remains a certain amount of the original food energy, 
which is termed the net energy value of the food in question. In the 
case of sugar, the losses are practically nz, in that (1) the digestive 
coefficient of pure sugar is practically 100 per cent; and (2) the digestion 
and assimilation of the sugar call for but little effort of the body. 

Of the accessories mentioned above, gelatin is the most important. 
Others, composed of such substances as gums, are mostly inert as food, 
and, as long as they are wholesome, are of negligible importance. 
Gelatin was formerly frowned upon, but recent research by Downey? of 
the Mellon Institute of Industrial Research, shows it has decided merit 
in the diet. In effect, he says that it not only has physical value in 
assisting in the manufacture of ice cream, but also plays a part in the 
digestive processes, and hence is an aid to nutrition. It assists digestion 
by giving the digestive Juices better access, since coagulation of the 
casein in dense or large curds is prevented. It also causes a greater 
flow of both digestive and pancreatic juices. Moreover, it is a protein 
food, containing considerable lysine, the growth value of which has been 
demonstrated by McCollum. 

Coloring and flavoring agents, the remaining accessories, are of minor 
nutritional consideration. 

The Government has sanctioned the use, in foods, of certain syn- 
thetic compounds, imparting color and flavor, because it has been found 
that, in the amounts required for foods, they are harmless and do not 
by their addition in any way lower the nutritive value of the product. 
These compounds are not toxic, nor, in the usual amounts used, are 
they injurious. 

Nutritive Ratio of Ice Cream.—To qualify as good food, ice cream 
should have the proper nutritive ratio, i.e., a ratio accepted for milk. 
Milk may have the following formula: water, 87.50 per cent; total 
solids, 12.50 per cent; solids making up ash, 0.80 per cent; protein 
(casein, albumin, etc.), 3.3 per cent; sugar, 4.80 per cent; fat, 3.60 per 
cent; nutritive ratio, about 1: 3.7. In comparison, 20 per cent cream 
has a composition of about 27.59 per cent total solids, with 20 per cent 
butterfat and 7.59 per cent solids-not-fat, giving a nutritive ratio of 
about 1 : 16. 


* Downey, T. B., Edible Gelatin, The Ice Cream Review, May 1924, p. 136. 
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High-fat ice cream, having total solids 36.20 per cent; fat, 14.50 
per cent; milk solids-not-fat, 7.50 per cent; cane sugar, 14.00 per cent, 
by the combination of cane sugar and high fat, brings the ratio up to 
1:17. Low-fat ice cream, having total solids 35.20 per cent; fat, 9.40 
per cent; cane sugar, 14.00 per cent; milk solids-not-fat, 11.80 per 
cent, gives a ratio of 1 : 6. 

This ratio is closer, but does not meet the conditions; either the fat 
must be reduced with the solids-not-fat, or the solids-not-fat must be 
increased with the same amount of fat. It seems that the fats might be 
reduced and the solids-not-fat increased. This would give a formula 
somewhat like this, with chance for variation as individual needs require: 
butterfat, 10-12 per cent; milk solids-not-fat, 11-15 per cent; cane 
sugar, 13-15 per cent. Within these ranges, it is possible to obtain a 
proper nutritive ratio. It seems, therefore, that in this respect ice 
cream may be rightly ciassified as a food of merit. It is not absolutely 
necessary that ice cream have a perfect nutritive ratio since it may be 
expected to be but one of several foods making up the diet. 


VITAMINS 


Within comparatively recent years, nutrition experts have discovered 
that the growth-promoting value of foods depends not so much upon 
the various chemical compounds as upon certain substances or groups 
of substances which have been designated by the term ‘“‘ vitamins.”’ 
These vitamins are still “unknown” substances, inasmuch as they 
have never been isolated and analyzed. Nevertheless, their action has 
been very carefully studied. 

Origin of the Vitamins in Milk.—That vitamins exist in milk is 
beyond dispute. They are not elaborated by any original process in the 
cow’s body, but are stored up from the leafy portions of her feed and 
are secreted in the milk. Investigators have shown that vitamins are 
more abundant in summer milk than in winter milk, and ascribe this to 
the greater amount of leafy food eaten by cows in summer. 

Kinds of Vitamins.—Of the five classes of vitamins, known as A, 
B, C, D, and E, the first three are definitely known to exist in milk. 

Fat-soluble A is. especially abundant in certain fats, such as milk fat 
or butterfat, egg-yolk fat, and the fat of certain glands, such as the liver 
and kidneys. This vitamin promotes growth in young animals and 
prevents ophthalmia (eye trouble).* It is the vitamin that is least 
abundant in nature, and hence is the one that makes milk and its 
products especially valuable in the diet. 

4Ellis and Macleod, ‘Vital Factors of Food, p. 72. D. Van Nostrand Co., 
1922, 
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Water-soluble B is never associated with oils or fats of either animal 
or vegetable origin. It is widely distributed in nature, being abundant 
in milk serum and in the leafy portions of vegetation. This vitamin is 
termed anti-neuritic and, besides promoting growth, prevents beri-beri 
and similar diseases due to faulty nutrition. 

Vitamin C is found in juicy fruits (especially citrus fruits) vegetables, 
and fresh milk, and is generally supposed to be a protection against 
infantile scurvy. 

Cereals and other foods derived solely from seeds contain little fat- 
soluble A; hence, young animals cannot make proper growth upon 
them alone. 

Vitamin D prevents rickets. Besides having anti-rachitic value, it 
is essential for growth and aids in calcium assimilation. An abundance 
of calcium, however, either in milk or as calcium phosphate, does not 
necessarily prevent rickets. The greatest source of vitamin D is cod- 
liver oil. 

Vitamin E controls reproduction in animals. Its greatest known 
sources are lettuce and the wheat germ. The diet of the human race 
is such that this food factor is almost invariably included, so that it is 
of minor consideration here. 

Effect of Heat on Vitamins.—In experimental work, vitamins A and 
B have been found to resist such heat as is usually applied in cooking 
or processing foods. A is destroyed above 200° C., while C is affected 
above 100° C. 

Authorities differ somewhat regarding the effect of heat on vitamin 
C, but they agree quite generally that its properties are injured and 
partially destroyed by subjection to high temperatures in the presence 
of air. Even the pasteurization temperature is generally conceded to 
destroy C. Both A and C are believed to be impaired or destroyed as 
milk ages, probably by oxidation. 

Effect of Freezing on Vitamins.—That vitamins in ice cream are 
not affected by freezing is the conclusion reached by Smith.® He says: 


Vitamin A was present in the typical samples of ice cream in such 
concentration that one may conclude that no noteworthy alteration in 
its potency is caused by pasteurizing or freezing. The vitamin B of 
the ice cream can be accounted for by the equivalent quantity of milk 
used therein. Freezing has no effect on the vitamin B in the ice cream 
used. The ice cream, which was made from pasteurized products, 
contained no significant quantity of vitamin C. 


’ Smith, A. H., Vitamins in Ice Cream, Jour. Am. Med. Assoc., Vol. 79, No. 27, 
p. 2221. 
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TABLE IV 


CALORIES IN Vartous Foop Marpmriats * 


Food Material, 
Edible Portion 


Avocado: 
IAVCTAGC sens een 


Cantaloupe 
Grape fruit 
Grapes hates 5 ey ots 
Oranges. 


Jam: 


Blackberry 
Currant 


Jellies: 
Appless. fe. aa: 
Blackberry 
Crabapple 
Mixed tute nee: 


fb te yyeleirea! = \iel (aw Usiie! = ve] = 


Butter 
Cheese, cheddar...... 
Cream, average 
Milk, whole 
Egg, boiled 
Beans, home-baked. . . 
Potatoes, boiled 
Bread, white..:--.-.. 
Bread, graham 


Calories|Calories Food Material, 
per |Average Edible Portion 
Pound |Helping 
Ice cream: 
985 344 Cone..... 
UBD OR ete Se hoo aes 
a “ie Ice cream sodas: 
Chocolate: 
270 60 : 
185 93 Chocolate ice cream. 
300 139 Vanilla ice cream. . . 
450 112 Fresh strawberry, va- 
240 100 nilla ice cream..... 
140 39 Vanilla, vanilla ice 
CTCAIN Heyy eastaas 
Ice cream sundaes: 
1020 100 1. Chocolate sauce, 
1230 110 walnuts, chocolate 
1300 120 ice cream........ 
Fudge sauce, wal- 
nuts, chocolate ice 
Crealnene eee 
faa ie Marshmallow sauce, 
1160 110 walnuts, chocolate 
1190 115 ice Cream...:.... 
Marshmallow and 
chocolate sauce, 
1000 350-400 walnutsand choco- 
3300 119 late ice cream.... 
2100 100 Maple walnut sauce, 
Sec cee 60 chocolate ice 
lene ee 160 Cheater eee 
ee Hs: 90 Strawberry sauce, 
900 250 chocolate ice 
425 145 GREMNG ston soph os 
IGCO lSoncee. 2. Strawberry sundaes: 
1200 100 Fresh strawberry 
1200 100 SANKOD. oo toc ccc 
1600 150 Strawberry sauce. 
1600 150 Strawberry sauce 
TSVAD UIE || 4 sicneteuaee and marshmal- 
lowe tastusnween 
3. Vanilla sundaes: 
1260 184 Fresh strawberry 
BAUCOR are er 
oa ae Marshmallow 
1334 330 sauce, walnuts.. 
1305 180 Chocolate sauce, 
walnuts....... 
Marshmallow 
SMCs 6.0 b00n a6 
3030 100 Chocolate sauce, 
2560 128 MVULtS Rome eee 
3300 125 Strawberry sauce. 


Calories 


Pound 


* Data from M. E. Jaffa, University of California. 
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Calories 
Average 
Helping 


80-100 
200-250 


467 
344 


436 
399 


327-516 
412 


383 


429 
419 


230 


225-406 


257 
412 


334 
350 
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Caloric Value.—Reference to a table of caloric values will show how 
favorably ice cream compares with other foods in its class. For example, 
an average serving of ice cream, or 33 0z., contains approximately the 
same caloric value as the same weight of round steak, or roast chicken, 
and considerably more caloric value tham such fish as haddock or cod. 

It may be said that calories do not provide a fair basis of comparison 
because recognition must be given to the following requirements: (1) 
the protein, carbohydrates, and fat must be in the correct proportion 
and in sufficient quantity; (2) certain minerals must be present; (3) 
the quantity and quality of protein must be considered; (4) the vitamins 
must be present in adequate amount. 

Ice cream containing 10 per cent fat has approximately 5 per cent 
protein, 18 per cent carbohydrates, and 0.8 per cent minerals. As a sole 
article of diet, it can hardly be recommended, though for that matter 
neither can such foods as roast beef, cheese, or eggs. The justification 
for using calories as a basis of comparison is that ice cream is one food 
of a number that should go to make up the daily diet. When the daily 
diet contains a reasonable variety of foods, the various requirements as 
to quality and proportion of protein, carbohydrates and fats, minerals, 
and vitamins will be met. Under such conditions, calories do provide 
a fair basis of comparison. 


EFFECT OF HOMOGENIZATION 


The improvement in assimilability of fats through homogenization 
is a disputed question. Howell® believes that the reduction in the size 
of the fat globules by homogenization is a great aid to digestion. 
McCollum? says that “common experience shows that human beings 
and animals have in their digestive apparatus a very efficient system for 
emulsifying fats, so that we can take oils or solid fats and digest them 
without appreciable difficulty.” 


° Howell, Luther P., Ice Cream Trade Journal, Vol. XX, No. 2, p. 60. 
7™McCollum, E. V., letter to the authors, Aug. 1926. 


CHAPTER II 
CLASSIFICATION AND SPECIALTIES 


Definition.—Ice cream is a frozen product made with pure sweet 
milk, cream, skim milk, condensed milk, condensed skim milk, dried 
milk, dried skim-milk powder, wholesome sweet butter, pure milk fat, 
or any combination of such products, usually sweetened, flavored, and 
sometimes colored, and having a small percentage of gelatin or other 
colloid to act as a binder. 

Modified Classification as Suggested by Mortensen. !—It is only a 
few years since ice cream has been given an adequate classification. 
Formerly, ice cream was classified simply as Philadelphia or Neapolitan, 
the latter supposedly made with eggs, and the former without eggs. 
As the ice cream industry grew and many different kinds of creams 
appeared on the market, a more complete classification was found 
necessary, for the guidance not only of the manufacturer, but of the 
consumer as well. 

A classification, to be of any value, should be generally adopted, so 
that the public may be made familiar with the different varieties that 
may be purchased. Sooner or later, the ice cream men will adopt a 
universal classification. Then, if the manufacturer hopes to educate 
the public to the use of this classification, he should abide by it himself, 
and, if he must give a special or fancy name to some of his creams, it 
should be prefixed to one of the terms used in the classification so that 
these terms may become fixed in the minds of the public. The house- 
wife is likely to order more ice cream if she is familiar with the classifica- 
tion and knows she may secure any one of a large variety of flavors. 

In the following descriptions of the various ice creams, no attempt is 
made to give detailed composition, inasmuch as this subject is treated 
from a different angle later. 

I. Plain Ice Cream.—Plain ice cream contains the average per- 
centage of butterfat, and is usually flavored with vanilla or such flavors 
as coffee, mint, caramel, and maple. 

1 Mortensen, M., Classification of Ice Cream and Related Frozen Products, Bul. 
128, Iowa State College. 
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Il. Frut Ice Cream.—Fruit ice cream contains, on an average, 1-2 
per cent less butterfat than plain ice cream, and has a variable amount 
of fresh or preserved fruits (usually 3-8 per cent), such as strawberries, 
raspberries, peaches, apricots, pineapples, oranges, raisins. (See Chap- 
ter IV.) ‘ 

Ill. Nut Ice Cream.—Nut ice cream, like fruit ice cream, is usually 
1 or 2 per cent lower in fat than plain ice cream, and contains varying 
percentages (usually 1-5 per cent) of nuts, with or without other flavors. 
The following nuts are commonly used: walnuts, almonds, hazelnuts 
(see Nuts, on page 60). Note: Chocolate ice cream, in most states 
where a lower fat is permitted for fruit and nut ice cream, is classified 
as nut ice cream. 

IV. Bisque Ice Cream.—Bisque ice cream is usually higher in fat 
than plain ice cream, and contains a bread product or confection, such 
as dried macaroons, marshmallows, or sponge cake, with or without 
natural flavoring. 

V. Parfait—Parfait is usually rich in fat, containing egg yolks, with 
or without nuts or fruits and other natural flavors. 

VI. Mousse-——Mousse is a frozen whipped cream to which sugar 
and natural flavoring has been added. The modern tendency is to 
increase the total solids by adding a certain percentage of ice cream mix. 

Vil. Pudding—Pudding is usually a high-fat ice cream, with eggs, 
nuts, and fruits, highly flavored or seasoned. Nesselrode, Plum, Man- 
hattan, and Oriental are the common puddings. 

VIII. Aufart.—tThis is a brick ice cream consisting of layers of one 
or more kinds of ice cream with solid layers of frozen fruits between. 

IX. Lacto—This name is given to a frozen product manufactured 
from slightly sour skim or slightly sour whole milk, eggs, and sugar, 
with or without natural flavoring. 

X. Ices.2—These are frozen products made from water or sweet skim 
milk or whole milk and sugar, with or without eggs, fruits juices, natural 
flavors, or additional solids. Ices are further classified as ices, milk 
sherbets, frappés, punches, and soufflés. There is a tendency among 
manufacturers to call this type of product a sherbet only when it contains 


2Frozen Berries.—On the Pacific coast particularly there is a type of frozen 
product, known as “ frozen berries.” Because of its popularity in season, a formula 
for Frozen Strawberries is given: 


12 baskets strawberries 3 pt. lemon juice 
10 lbs. sugar Color strawberry red 
5 oz. gelatin Water to make 5 gals. 


Freeze with brine on to get a yield of about 7 gals. 
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added milk solids, such as mix, dried skim-milk, or condensed skim, and 
to call it a water ice when these have been omitted. Greater confusion 
exists in the industry in the differentiation of plain ices and sherbets 
than in that of any other frozen products. No universal practice exists 
at this time. 

Classification of Ices——The common varieties of ices are briefly 
defined in the following paragraphs: 

I. Sherbet—An ice made from water, with the addition of milk or 
skim-milk solids, stabilizer, sugar, with or without egg albumin, and 
natural flavoring, frozen to the consistency of ice cream. 

II. Plain Ice—An ice made from water, sugar, with or without egg 
albumin, stabilizer, and natural flavoring, frozen to the consistency of 
ice cream. According to the present formule, plain ice and sherbets 
are usually frozen to yield from 25-35 per cent overrun. — 

III. Frappé.—An ice consisting of water, sugar, and natural flavor- 
ing served in a semi-frozen consistency. 

IV. Punch.—An ice flavored with liquors, or highly flavored with 
fruit juices or spices. Punches should be made the day they are to be 
served. At the time of serving, they should be of the same consistency 
as when drawn from the freezer. Imitation flavors of most liquors 
suitable for making punches may be purchased from supply houses. 

V. Souffié—An ice made from water, eggs, sugar, and flavoring 
material. It differs from ice mainly in that it contains whole eggs. 

Formule.—In giving the formule, no attempt is made to discuss 
the preparation or ingredients of the mix itself, since these are fully 
covered in another chapter. All formulz are based upon 10 gals. of 
frozen product with 100 per cent yield. To use these formule, add the 
materials given below to 45 Ibs. of mix. 


I. Plain Ice Cream.? 


1. Vanilla Ice Cream: (See Vanilla, page 52). 

2. Butterscotch Ice Cream:*+ Butterscotch is prepared by bringing to 
a boil 24 oz. corn syrup (such as Karo), and stirring in 1 lb. whipping 
cream. This is boiled for three minutes, then } lb. butter is added. 
This is cooled and added to the mix during freezing. 


3 Flavoring materials are given in quantities sufficient for 45-lbs. of 36 per cent 
total solids mix. If higher solids are used, proportionately greater amounts of 
flavoring are necessary. 

4TIn all of these formule, unless otherwise specified, use half as much vanilla as 
is required for plain vanilla ice cream. The function of vanilla in such instances 
is to bring out the flavor in ice cream, as salt brings out the flavor in butter. Many 
of these flavors would be insipid without the use of small amounts of vanilla. 
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3. Caramel Ice Cream: Twelve ounces caramel, half portion of 
vanilla. 

4. Coffee Ice Cream: The flavor is prepared by boiling 1 lb. good 
coffee with 1 lb. water, and using only the liquid. The coffee should 
not be boiled long enough to become bitter. Coffee ice cream is usually 
colored brown with caramel or coal-tar dyes.°® 

5. Maple Ice Cream: Two pounds maple sugar, or 2-4 oz. ‘“‘ Maple- 
ine”; 2 oz. caramel, or 1 qt. of pure maple flavor without additional col- 
oring. If imitation maple flavor is used, the product must not be called 
maple ice cream but ‘‘Mapleine” or some such name. 

6. Mint Ice Cream: One pint concentrated créme de menthe 
syrup; color green. Inasmuch as manufacturers have not standardized 
the strength of syrup and flavors, the amount of flavoring may vary 
with different brands. 


Il. Fruit Ice Cream (see also Chapter IV on Fruit in Ice Cream). 


1. Strawberry Ice Cream: Two quarts strawberries, usually a half 
portion of vanilla; color strawberry red. Two quarts of berries are 
sufficient to flavor, no imitation flavor should be used. It is impossble 
to make a good imitation strawberry flavor. The addition of such a 
flavor to ice cream really ruins a good flavor. 

2. Peach Ice Cream: Six quarts crushed peaches, a half portion 
vanilla; color peach (gold). (Since peaches are relatively low in flavor, 
this unusual amount is necessary.) Some manufacturers add a few 
drops of imitation peach flavoring to give the ice cream a bouquet. 

3. Apricot Ice Cream: Same as Peach. 

4. Lemon Ice Cream: Two pints lemon juice, 1 pt. orange juice, 
mixed with 3 lbs. sugar. Lemon juice can never be added directly to 
the ice cream without being mixed with sugar, because there is so much 
acidity present that it would coagulate the mix. Color lemon yellow. 

5. Orange Ice Cream: Two quarts orange juice, 14 pts. lemon juice, 
mixed with 3 lbs. sugar. Color orange. 

6. Raisin Ice Cream: Three and one-half pounds whole seeded Mus- 
cat raisins, prepared in water. No color necessary. (See page 85.) 

7. Cherry Ice Cream: Two quarts chopped cherries in maraschino; 
color cherry red. 

8. Pineapple Ice Cream: Two quarts crushed pineapple; color light 
gold. The pineapple is prepared by stirring 35 Ibs. sugar into one case 
(6 No. 10 tins) crushed pineapple until the sugar is dissolved. It should 
be boiled for two or three minutes before being put into cans. 


5 The various colors referred to are discussed on pp. 41-46. 
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9. Fig Ice Cream: Two quarts Calamyrna pie grade, or, if fresh, 
use very ripe figs, half portion vanilla; color peanut brown. 

10. Banana Ice Cream: Two dozen large, ripe bananas, thoroughly 
pulped. Color gold. 


Ill. Nut Ice Cream. 


1. Walnut Ice Cream: Four pounds finely chopped walnut meats; a 
half portion vanilla; color light gold. Any other nut ice cream can be 
made by using 4 lbs. chopped nut meats. It is a good practice in pre- 
paring nuts to grind two-thirds of the nuts fine and leave one-third 
coarse. It takes at least thirty-six hours for ice cream appreciably to 
take up the flavor of nuts, and the flavor is much better after three or 
four days. . 

2. Chocolate Ice Cream: Add at the freezer 2 qts. chocolate syrup. 
(The preparation of chocolate syrup is discussed on pages 53-60.) 

3. Maplenut Ice Cream: Add 1-3 lbs. nuts to maple (or Mapleine) 
ice cream. Caramel to color. 


IV. Bisque Ice Cream.—A high-fat mix is preferable, although a 
standard mix gives good results. 


1. Marshmallow Bisque: Five pounds marshmallows; a full portion 
vanilla. The marshmallows should be dried in an oven with low heat. 
(Do not heat too high or marshmallows will melt.) Break marshmallows 
into odd-sized pieces. Marshmallows should be added about one 
minute before drawing ice cream. They are hard at this time, but soften 
up in storage and are pleasingly “chewy.” White marshmallows are 
frequently added to chocolate ice cream, the white ana chocolate brown 
forming a pleasing contrast. Many manufacturers prefer to make their 
own marshmallows. This is easily done, and the following recipe is 
given for those who wish to do it: One pound gelatin; 10 lbs. water; 
16 lbs. fine granulated sugar; 4 oz. vanilla. Soak gelatin in one-half 
the water; make a simple syrup of the sugar and the remaining water, 
and heat to 215° F. Pour over the soaked gelatin and let stand until 
partially cooled. Beat until mixture becomes white and thick. Pour 
into pans, thickly dusted with powdered sugar, having mixture 1 inch 
in depth. Let stand in a cool place until thoroughly chilled. Turn on 
a board, cut in cubes, and roll in powdered sugar. The beating may be 
accomplished by means of a beater such as the Hobart, if desired. 

2. Macaroon Bisque: Four to 5 lbs. ground macaroons; a full por- 
tion vanilla. Macaroons should be thoroughly dry before being ground 
or they will gum up. Any other bisque can be made by using 4-5 lbs. 
bread products or confections. 
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V. Parfait—The materials given below are usually added to an ice 
cream mix with a higher fat than stock ice cream. (These formule may 
also be used on the stock cream.) 

1. Walnut Parfait: Yolks of 5-10 dozen eggs; 4 lbs. walnut meats; 
full portion vanilla; color gold. (See page 111 for preparation of egg 
yolks.) 

2. Coffee Parfait: Five to 10 dozen egg yolks;. extract of 1 lb. 
coffee; half portion vanilla; color burnt peanut brown. 

3. Maple Parfait: Same as for maple ice cream except for the 
addition of the eggs and more butterfat. 

4. Tutti Frutti Parfait: Five to 10 dozen egg yolks; 3 lbs. candied 
cherries or maraschino cherries; 2-3 lbs. candied assorted fruits; 3 lbs. 
pineapple; full portion vanilla. The stones should be removed from the 
assorted fruits, all of which should be ground before being added to the 
ice cream. The cherries and other fruits are frequently soaked in the 
juice of the pineapple overnight to good advantage. 


VI. Mousse.—A mousse is mad in the following manner: Whip 
2 gals. 35 per cent cream and 4 lbs. sugar in the freezer. Slowly add 
24 gals. soft ice cream as drawn from the freezer. The mixture should 
be whipped just long enough to mix thoroughly. Flavor and color as 
desired. This formula adds more solids to the cream and does not have 
the tendency to stratify or become grainy, as when only the cream is 
whipped. 


VII. Puddings.—Puddings are the richest kind of ice cream, con- 
taining eggs, nuts, and fruits, and are very highly flavored. To 45 lbs. 
mix, high in fat, may be added any of the following mixtures during 
freezing: 

1. Nesselrode Pudding: One pound assorted fruit; 6 lbs. maraschino 
cherries; 2 lbs. pineapple; 6 lbs. candied cherries; 4 Ibs. raisins; 4 Ibs. 
macaroons; 4 lbs. almonds; ground together. Five to 10 dozen egg 
yolks; full portion vanilla. Color gold. 

2. Manhattan Pudding: Five to 10 dozen egg yolks; 2 qts. orange 
juice; 1 pt. lemon juice; 4 lbs. walnut meats; 4 lbs. pecan meats; 
4 lbs. candied cherries and assorted fruits. If the latter are not avail- 
able, a mixture of 2 lbs. Maraschino cherries, 1 lb. assorted fruit, and 
1 lb. pineapple makes a good substitute. Full portion vanilla. 

3. Plum Pudding: Five to 10 dozen egg yolks; 1 Ib. cocoa; 4 lbs. 
cherries and assorted fruits; 1-2 Ibs. raisins; 2 lbs. figs (dry); 1 lb. 
walnut meats; 3 tablespoonfuls ground cinnamon; 4 teaspoonful ground 
cloves. (Spices should be stirred into the fruits before adding to the 
cream.) Mixtures of this kind frequently become sticky and lumpy. 


FORMULA 21 


It is a good plan, before adding this mixture to the freezer, to draw off 
% pt. of ice cream and stir it in with the mixture. This has a tendency 
to separate the ingredients so that they become better mixed in the 
freezer. 

4, Oriental Pudding: One and one-half pounds Brazil nuts; 2% lbs. 
dates; 1} lbs. raisins; 1} lbs. dry figs; 4 lb. candied figs; tablespoonful 
ground cinnamon; 4 teaspoonful ground cloves; full portion vanilla. 


VIII. Aufait—This is a brick ice cream consisting of layers of one 
or more kinds of ice cream between which are solid layers of frozen 
fruit. 


1. Fig Aufait: This is made with three layers of cream and two 
layers of sliced figs. All kinds of aufaits may be made by using different 
fruits. Care must be taken not to make the layer of fruit too thick, 
since this freezes harder than ice cream and is apt to cause difficulty in 
cutting as well as unpalatability. In case of fruits of low sugar content, 
it may be necessary to boil the fruit in a simple syrup. Oval-shaped 
fruits should be placed the long way of the brick in order to present the 
best appearance when the brick is sliced. 


IX. Lacto.°—This is made from skim cr whole sour milk, sugar, 
eggs, and flavoring. 

1. Raspberry Lacto: Six gallons starter or sour milk; 18 lbs. sugar; 
24 eggs; 3 pts. lemon juice; usual amount of stabilizer; 2 qts. raspberry 
juice or concentrated syrup. ‘The first four ingredients are bases for 
any lacto. Any other type may be made by simply changing the 
flavors. For instance, to make cherry lacto, add 1 qt. cherry juice to 
the above formula; for pineapple, 3 gals. grated pineapple; for mara- 
schino, 3 pts. cherry juice; for grape, 2 qts. grape juice. In the prepara- 
tion of this mix, the sugar is dissolved in the starter, the eggs are sepa- 
rated, the whites and yolks beaten separately, and then added after the 
mix is in the freezer. Lacto, as a rule, is not frozen very hard, and is 
supposed to be somewhat soft with fairly low yield. 


X. Ices.—Ices and sherbets have been manufactured for years. 
Satisfactory formule have not always been available. In view of the 
fact that sugar smooths up the ice, the tendency has been to increase 
the sugar to a point where it remains in the ice in a partially unfrozen 
condition. During the holding period it then concentrates and settles, 
collecting in the bottom in the form of syrup. In the trade, this is often 
referred to as “bleeding.” Certain colloids have been used, with 
varying degrees of success, in preventing this “ bleeding.” Much of the 


6 Mortensen, M., Bul. 123, Iowa Experiment Station, Ames, Iowa. 
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trouble came as a result of excessive yield for the total solids of the ice. 
This excessive yield was due mostly to the large percentage of gelatin 
used in an effort to prevent ‘ bleeding ”’ and yet to retain sufficient 
smoothness during the ordinary time required for marketing. Dahlberg? 
reports the results of using various gums in conjunction with gelatin. 
He found that low-grade gums used with gelatin greatly reduced stabil- 
ization because of the precipitation of one by the other. This was not 
the case when high-grade India gum or gum tragacanth was used with 
gelatin. Low-grade gum prevents the incorporation of the desired 
amount of air. Dahlberg reports the use of agar and states that in 
concentrations of approximately .2 of 1 per cent it gave all the desirable 
action of gelatin. In some work by the authors, agar alone gave a more 
brittle product than gelatin. When used in ice cream, the mix whipped 
readily to the desired yield, but gave a body more brittle than that 
obtained when gelatin was used. 

Dahlberg found agar alone in an ice difficult to whip, but, by the 
addition of gum tragacanth or high-grade India gum, he easily obtained 
the desired yield. 

When the above colloids were used, tnere developed under certain 
conditions a hardening of the top of the ice. This condition is often 
referred to in the trade as “‘petrified ice.”” Dahlberg says it is caused 
by crystallization of sucrose from the supersaturated solution, accom- 
panied by the formation of ice crystals. The formation of this hard 
layer can be prevented by the proper use of corn sugar, by substituting 
a part of the sweetness with this sugar to the extent of 20 per cent of 
the sucrose. With this combination, the saturation point is depressed 
to —4° F. on account of the increased solubility. As the sugar is 
increased, the ice becomes softer, all other factors remaining constant. 
Since a certain total percentage of sugar is necessary (27-32 per cent), 
a certain percentage of yield must be maintained (25-35 per cent). This 
will dip nicely at 10° F. 

Many manufacturers build an ice as they do ice cream, that is, on a 
solids basis, the suggested formula being as follows: 


I. Water Ice 
Sucrose (beet or cane sugar)... 21.0 per cent 
Corn sugard hn. re 7.0 per cent 
Guin; tragacanth®. 0.14 ns: .20 to .40 per cent 
RELA LATING ccc ante OO .28 per cent 


7 Dahlberg, A. C., Cornell Bul. 536. 

8 Jn the place of gum tragacanth, 0.7 per cent of a stabilizer such as Textor may 
be used. . 

9 A good grade of gelatin should be used. 
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12-14 oz. (depending on kind and amount of fruit used) of 50 per cent 
citric acid solution. The balance should consist of fruits, flavor, color, 
and water to make 100 lbs. Lemon juice contains an average of 6 per 
cent of citric acid. Therefore it would require approximately 64 pts. to 
replace the citric acid solution above. 

It was mentioned previously that the authors differentiate between 
an ice and a sherbet in that an ice contains no dairy products, while a 
sherbet -does. 

An ice may consist of: 


21.0 per cent Sucrose or 21.0 per cent beet or cane sugar 
7.0 per cent ‘ Staple-ice ”’ 7.0 per cent corn sugar 

52.0 per cent water .2 per cent agar 

20.0 per cent fruit .4 per cent gum tragacanth 


71.4 lbs. water, fruit, fruit acid, 
flavor, and color 


Total 100.0 Ibs. 


Agar should be ground and of good grade and should be stored in a 
dry place. Gum tragacanth is better ground. The agar should be added 
to 50 times its weight of water. The water should be brought to a boil 
and the colloid slowly added, with continual stirring, this mixture con- 
tinuing to boil for five minutes. The gum, if thoroughly mixed with 
sugar, will not ball up and should be added directly to the mix. The 
agar should be added hot to the mix; the acids, fruits, and fruit juices, 
after adding the colloids. This mix will weigh approximately 9.5 Ibs. 
to the gallon. 

II. Sherbet.—This may be made by the first method given above. 
Add 1 per cent milk solids-fat and 2 per cent milk solids-not-fat. In 
addition, 2 qts. of whipped egg whites for each 8 gals. of base is some- 
times used. An excellent sherbet may be made from the second formula 
given under I above, by cutting the amount of gum in two, using only 
0.2 per cent and adding 3-6 lbs. of milk solids. The milk solids may be 
added in the form of condensed skim or cream and condensed skim. Six 
to 7 Ibs. of condensed skim gives good results. The addition of ice cream 
mix tends to increase the sugar to too high a percentage, since practically 
the maximum has been used. Twenty-five to 50 Ibs. of 4 per cent milk 
will take the place of the condense satisfactorily, and enough fruits, 
acids, color, flavors, and water should be added to complete the 100 Ibs. 
About 10 per cent more yield can be taken on a sherbet as outlined than 
on an ice. 

Norr.—0.2 lb. agar =3.2 oz., or 90.6 grams. The same applies to gum. 
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In order to obtain uniform ice or sherbet, the acid in the finished 
product should be the same each time. A variation in the acid affects 
the action of the added colloids. It also affects the flavor. Uniform 
acidity means uniform keeping quality and uniform flavor. As different 
fruits contain different amounts of acid, it is necessary to know the 
quantity and acidity of the fruit to be added before making up the total 
acid of the product. Oranges vary in acidity, and even the same amount 
of acid cannot be added without taking into consideration the acid in 
each quantity of oranges added. The desired total acidity varies slightly 
because of individual preferences. However, in actual practice an ice 
containing 0.58 to 0.65 per cent total acid has been found very desirable. 
(See page 302.) 

III. Frappé.—F rappé is an ice consisting of water, sugar, and natural 
flavoring brought to a semi-frozen consistency. Use formule given for 
sherbets, omitting egg albumin. 

IV. Punch.—This is a plain ice, flavored with liquors or highly 
flavored with fruit juices and spices, usually without stabilizer. Although 
alcoholic beverages are not available in America, the formule for punches 
are valuable in that imitation flavors may be substituted. Further- 
more, ice cream manufacturing is developing rapidly in other countries 
and these formule may be used there. Punches may be frozen to a 
semi-solid consistency and served that way. Frozen punches are not 
intended as a dessert but as a complement to the dinner, usually being 
served just before or with the meat course. Many ice cream manu- 
facturers make punches and sell them in a liquid form to be used merely 
as a beverage. 


1. Pomona Punch: 
73 qts. orange juice 15 lbs. sugar 
5 gals. apple cider 5 oz. gelatin (not more), depending on grade 
2. Cranberry Punch: 
5 gals. water 20 egg whites 
20 lbs. sugar 7 pts. cranberry jam 
60 oz. lemon juice 
3. Roman Punch: 


Same as a sherbet, as noted above, plus enough imitation rum to 
flavor. 


4. Cardinal Punch: 
Use 1-1} qts. prepared port wine flavoring. 


5. Claret Punch: Use {-1 qt. prepared claret flavoring. 
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V. Soufflés.—These are made from water, eggs, sugar, and natural 
flavoring. A soufflé differs from a sherbet mainly in that it contains the 
whole egg. It is frozen exactly like a sherbet. 


1. Pineapple Soufflé: Six gallons of water or skim milk; 8 dozen 
eggs; 24 lbs. sugar; 2 gals. grated pineapple; 2 qts. lemon juice. This 
formula may be used for any soufflé, 
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The value of a special department in the ice cream plant devoted 
exclusively to making fancy ice cream specialties is a subject of much 
controversy. Some manufacturers claim that it cannot be put on a 
paying basis, while others are firmly convinced that it keeps the plant 
busier in the winter time than if only standard commercial ice cream 
were sold. Those firms that have been most successful in this respect 
have given a great deal of time to the development of the department. 
On the various holidays, they announce through newspaper advertise- 
ments or circulars, appropriate designs that may be purchased for the 
occasion. On Lincoln’s Birthday, for instance, a flag may be appro- 
priate; on St. Valentine’s Day, a Cupid or individual hearts; and on 
Washington’s Birthday, a hatchet. For Hallowe’en, there are pump- 
kins, ears of corn, owls, and candles. Thanksgiving Day naturally 
suggests individual turkeys, pumpkins, perhaps made with cranberry 
sherbet. Any list of individual moulds will give an idea of the extensive 
variety available for nearly any occasion. 

Some ice cream manufacturers have even gone so far as to build 
up a special catering department, having their own ovens for making 
the cakes and confections that are used in the fancy creams. They 
claim that in addition to making a nice profit from this department, 
they get a great deal of advertising value from the specialties. The 
quality and individuality of this sort of work is sure to add a certain 
prestige to the manufacturing firm. 

Ice cream decorating is an art introduced by the German bakers. 
Demonstrations are really the only effective means of teaching the 
‘ various phases of this work. Nevertheless, if the student or manu- 
facturer is interested in building up this department, practice only is 
needed to gain skill in the work. To be a success, however, the decorator 
must have a very lively imagination, else he soon runs out of designs, 
and interest in the catering department may lag. 

There are many different types of ice cream specialties, but for 
convenience sake they have been divided into three groups: cakes, 
fancy moulds, and individuals. The equipment for making these things 
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on a small scale is very inexpensive, the largest item in the cost of pro-. 
duction being the amount of hand labor necessary. 

Method of Making Cakes.—A small hole is punched in the center 
of an ordinary cake pan to facilitate the emptying of the pan. A small 


Courtesy Crescent Creamery Company 
Fic. 2.—An Attractive Way to Present Ice Cream Individuals in an 
Illustrated Booklet. 


piece of parchment paper is placed over the hole and the pan is filled 
with ice cream in a manner similar to that employed in filling brick 
pans. After hardening, the layers are loosened by immersing the bottom 
part of the pan in cold water. If a three-layer cake is to be made, the 
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layers are stacked one on top of the other in such a way as to bring out 
the contrast in colors and flavors. Sometimes a sponge cake is sub- 
stituted for the middle layer of ice cream. If the ice cream layers are 


Fia. 3.—Many Combinations Can Be Worked Out by Placing Individual Molds 
on Decorated Cakes. 


Courtesy Crescent Creamery Company 


Fia. 4.—Sponge Cake and Ice Cream. 


hard and the sponge cake is well made, there is no danger of the cake’s 
becoming soggy. Precaution should be taken not to have the sponge 
cake too dry, since there is little possibility of its absorbing moisture 
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from the frozen cream. Two- or three-layer cakes may be made in one 
deep pan in a manner similar to that in which three-layer bricks are 
made; that is, one layer is run into the pan and allowed to harden 


Fia. 5.—Layer Cake Covered with Whipped Cream Ready for Decorating. 


before the next layer is put in. A saving of time is effected here if the 
inside of the pan is lined with whipped cream before the ice cream is 
added. When such a cake is removed from the pan, it is already 
smoothly covered and ready for decorating. 

Decorating.— Decorating the cake may be greatly facilitated by 
using a small turntable, which can be made by boring a hole through a 
round board and fastening it loosely to a block so that it turns easily. 
The three layers should now be covered with a thin coating of whipped 


Fria. 6.—Cake on Convenient Turntable Stand Ready for Decoration. 


cream, a spatula being used for this purpose. Care should be taken, 
however, not to use too much whipped cream, for, besides being expen- 
sive, it becomes more or less grainy when frozen. Some catering depart- 
ments do not cover the entire cake with the cream, believing that the 
layers should show through the decoration. The cake is now ready to 
be decorated. 


Whipped cream is used almost entirely for this work. A 40-45 per 
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cent cream, which has been aged for at least forty-eight hours, gives the 
best result. Although a lighter cream may be whipped, it does not 
stand up as well. Cream whips best at a temperature of 45° F. 
Although sugar, added either before or after whipping, decreases the 
whipping quality, a small amount is necessary for flavoring. Vanilla, 
which should also be added for the same purpose, has no effect on the 
whipping quality. Viscogen,? when properly used, increases the whip- 
ping quality of raw or pasteurized whipping cream and does not affect 
its flavor. Care should be taken not to whip the cream too long. If it 
becomes too fluffy it does not work well in the decorating tube, and if 
it becomes buttery it is not satisfactory for decorating purposes. 

The decorating tube is a cornucopia of parehment paper (an ice cream 
brick wrapper is about the right size) from which the point has been 
clipped with a pair of scissors and the desired tube dropped into the 
clipped end so that it projects slightly. Figure 7 will familiarize the 
student with the common types of decorating tubes. The whipping 


—_ 


Leor Ribbo Rose Sar 


Fic. 7—Common Decorating Tubes. 


cream is placed within the parchment cone and the top end folded up 
so that the cream may be foréed out through the tube. Practice enables 
the student to make a cone that may be held and squeezed with one 
hand. : 

Sometimes it is desirable to use two colors in the same tube, in which 
case one side is filled with one color of cream and the other side with 
another (use a spatula). As the cream is squeezed from the tube, a two- 
colored effect is obtained. The whipped cream is easily colored with a 
small amount of the liquid colors ordinarily used in ice cream. The 
decorating work is expedited if the various tubes that are to be used are 
filled at the same time so that the work does not have to be stopped after 
it has been begun. Speed in the work is particularly important if the 
decorating is being done in a warm room, because, if the cake melts even 
slightly, the cream slides off. 

: 10U, §. D. A., Bul. 1075. 
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Fic. 9.—The End of the Bag is Folded in so that the Operator Need Use 
Only One Hand. 
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There are many and various designs that may be used in decorating 
the cake. The conventional designs, all in white, which may be seen 
in most bakery windows, do not make as attractive an appearance as a 
floral design in colors. Many designs in colors may be found in the 
German publication ‘‘Modeko,” by A. Heckmann. Above all things, 
the cake must not be overdecorated. If the sides and top of the cake 
are decorated by means of the star tube, with uncolored whipped cream, 
a small bunch of roses or violets put on the top makes a very pleasing 


Fig. 10.—The Conical Shape on the Bottle on the Right Forms the Base for the 
Rose Petals. 


effect, while the simplicity of the design cuts down the amount of hand 
labor. With a little practice in using the decorating tubes, enough 
skill can be acquired to make practically any design. The following 
are merely suggestions: bunches of grapes, violets, pansies, and sweet 
peas, and fraternal and national emblems. 

Whipped Cream Flowers.—Making flowers with the decorating tube 
is relatively simple, but it is difficult to describe. The simplest method 
of making a rose is as follows: A small cone of whipped cream, about 
1 inch high, is placed on the inverted end of a half-pint milk bottle. 
This is then stored in the cold room until hard, when it is used as a base 
around which to build the rose. Pink or yellow whipped cream in a rose 
tube are used for this work. About one-half inch of cream at a time 
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should be squeezed against this frozen point as the bottle is revolved. 
Building the rose up with small squirts achieves a much more natural 
appearance than does squeezing the tube continuously as the bottle 1s 
turned. For the inner part of the rose, the concave side of the rose tube 
is made to face the frozen point. For the last few petals, the position of 
the tube is changed so that the concave side is out. The rose will then 
appear to be in full bloom. The completed flower is placed in the cold 
room. After it has hardened, it may be removed with a spatula and 


Fig. 11.—The Rose on the Left Has Been Made with the Concave Side of the Decorat- 
ing Tube Facing In. To Give the Rose a Full Bloom Effect, a Few Petals are Added 
with the Tube Reversed. 


placed on the cake. After a little skill has been acquired, the roses may be 
made directly on the cake. Sweet peas and violets are easily made with a 
rose tube by holding the point of the rose tube in a vertical position and, 
while squeezing out the cream, making two inverted U movements on 
the same place. The U’s are then covered with green sepals, the leaf 
tube being used. A homely but efficient way of learning to make these 
various flowers is to practice on pieces of cardboard, using mashed pota- 
toes in place of whipped cream. 
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Ice Cream Pie.—Many calls are made for decorated ice cream in 
some form smaller than a cake. A pie may be suitable in such a case. 
This is made by decorating one layer of ice cream which has been 
hardened in a pie plate. 


Courtesy Crescent Creamery Company 


Fig. 12.—Ice Cream Pie with Meringue Topping. The Meringue Can Be Sprayed 
to Give the Effect of Baking. 


Individual Moulds.—There is an individual mould for nearly every 
occasion. Before’ being filled, the moulds should be opened and placed 
on salt and ice so that they are thoroughly chilled before the ice cream: 
strikes them. Ice cream placed in a warm mould melts and causes ici- 
ness, Frozen ice cream that has been resoftened comes out of the moulds 


Kbit Beto hed 


Fig. 13.—The Moulds S 


hould Be Chilled before Filling. 


better than ice cream fresh from the freezer. Forcing the softened ice 
cream from a parchment-filled cornucopia directly into the crevices is 
the most sanitary method of filling the moulds, although in practice this 
plan gives way to a spoon and pressure of the hand. When both halves 
of the mould have been filled, they are closed, and, if speed is desired, 
they are placed directly in an ice-and-salt mixture, since they will 
harden more quickly in this way than when placed on the shelves in the 
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hardening room. When the cream is frozen, the mould is dipped into 
cold water and the two halves pried apart. 

Coloring Moulds.—The moulds really should be colored to give a 
like-like appearance. This may be done by painting them with liquid 
colors, or, when solid colors are desired, by dipping them into a weak 
solution of color that has been previously chilled. Spraying the dye on 
with a small atomizer is another satisfactory method. Some very 


Courtesy DeHaven Ice Cream Company 


Fic. 14.—As the Fancy Ice Cream Business Develops, a Large Number of 
Individual Moulds Will Be Required. 


pretty work can be done in this manner. Furthermore, it eliminates 
all possibility of a small ice coating. Practice soon enables the operator 
to become so versatile that he can quickly do any sort of coloring work, 
from making lines and dots to putting a life-like “blush ” on a peach. 
The work is facilitated if a number of interchangeable bottles are pro- 
vided for the various-colored dyes. 

Some decorators color the cream before filling the mould. Then, if 
a “‘corn on the cob,” for instance, is being made, the green should be 
put on the part representing the husk, and white or yellow on the part 


) 
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showing the ear of corn. This method, of course, is not as speedy as 
tinting the finished ice cream. 


Of the various moulds, the basket seems to be the most popular, 


Fig. 15.—Natural Color Effects Can Be Obtained with an Atomizer. 


because of the possibilities it offers for decorating. The center of the 
basket, for instance, may be filled with whipped cream, or with a few 
flowers. A candy handle, which may be stuck into the cream in the 


Courtesy Hage’s Ice Cream Company 


Fig. 16.—Individual Moulds Are Made Life-like with Artificial Leaves. 


proper position, may be purchased from a candy manufacturer, or pure 
sugar-candy sticks may be heated slightly and then bent into the proper 
shape. 
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Individuals.—Individuals are ordinary paper soufflé cases filled with 
ice cream, usually fancy, the top of which is decorated in some manner. 


Courtesy Hage’s Ice Cream Company 
Fic. 17.—The Variety of Individual Serving is Limited Only by the Maker’s 
Imagination. Hage’s Ice Cream Company Aptly Term Them “ Frozen Dainties.” 


Courtesy Crescent Creamery Company 


Fra. 18.—Center Mould—Brick and Roll. 


The size of the case prohibits elaborate decorations; usually a single 
flower of some kind is used. The appearance is greatly improved when 
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they are served in decorated cases, such as those used for serving salted 
nuts. These cases are made by pasting or sewing Dennison crepe in 
various shapes on the outside of the soufllé case. Trained demon- 
strators are furnished by the Dennison Manufacturing Company for 
instruction in this work. 

Center Brick.—One of the oldest ice cream specialties, and one that 
is still very popular, is the so-called, eenter brick. This type of brick is 
made by filling the center mould with ice cream and hardening it. After 
removal from the mould, it is placed horizontally i in a quart-brick pan 
half filled with soft cream. The pan is then completely filled. Care 


Courtesy Crescent Creamery Company 


Fic. 19.—Melon Mould of Ice Cream Covered with Meringue, Browned by Placing 
in a Hot Oven. This is Sometimes Known as “ Baked Alaska.” 


should be taken not to place the center mould in cream that is too soft, 
as it may sink out of position. A contrast in color between the core and 
the outside gives the most pleasing effect. 

Dummy Moulds.—Having an exhibit of dummy moulds on display 
with the various agents is an aid in securing orders for these specialties. 
Making these moulds is relatively simple. Paraffin (‘“Parawax”’ or 
“Texwax’’) is the best material for making the fruits, flowers, and 
animals. The paraffin is melted and colored the desired shade with oil- 
soluble colors. It is difficult to tell the shade when the wax is melted. 
A little of the colored paraffin should be spread on a table and allowed 


38 CLASSIFICATION AND SPECIALTIES 


to harden. The color as then shown will be like that which comes from 
the moulds. Most of these colors are very strong and must be used 
sparingly. When the melted paraffin is the right shade, it should be 


Courtesy Crescent Creamery Company 


Fic. 20.—It’s an Imposition on the Florists, but One Really Can “Say It With 
Ice Cream.” 


allowed to cool until it begins to firm. It is then ready to be put into 
the moulds. (The hot liquid paraffin cannot be poured into the moulds, 
because it shrinks when hardening, with the result that large holes are 
formed.) When the moulds are filled, they are placed in the cold room. 
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They may be easily removed when hard. The peaches and pears may 
be given a “ blush ” with a little red melted paraffin used as a paint. 
Cakes, Sultana Rolls, ete., are decorated with a paste that will 
harden when dry. This paste is made with 6 Ibs. XX XX powdered 
sugar, a teaspoonful of cream of tartar, and enough fresh egg whites to 
make a paste. This paste should be whipped until it begins to string. 
A machine whip greatly simplifies this task, as it is rather laborious to 


Courtesy Crescent Creamery Company 


Fig. 21.—Log Roil. Cake and Ice Cream to Imitate a Jelly Roll. 


do by hand. When the paste is made, it is colored and decorated with 
whipped cream. 

Frozen Suckers.—A recent introduction known as Frozen Suckers 
(sometimes called Popsicles), like most novelties, has proved very 
popular upon its introduction. Frozen suckers are made by freezing an 
ice or sherbet mix, colored and flavored, in small cylinders, with a stick, 
slightly smaller than a pencil, held in the center. The stick serves as a 
handle to support the frozen mass while it is eaten. A milk-bottle cap, 
placed on the stick before it goes into the form for freezing, keeps the 
whole mass, as well as the melted portion, away from the hands of the 
person eating the frozen sucker. 

Individual or Single-service Cups.—Another recently popular way 
of putting up ice cream for the consumer is in individual cups with a small 
wooden spoon under the cover. The cups are filled and frozen at the 
plant before delivery to the retailer. Frequently, a spoonful of ice cream 
is removed and replaced with an equal quantity of fountain fruit or 


syrup. 
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There is real merchandizing merit in individual cups, in that they 
conform to the modern demand for package goods. In addition, all 
loss from dipping is eliminated. 


Courtesy Crescent Creamery Company 
Fig. 22.—Three-tier Log Roll, Tied with a Ribbon and Decorated with 
Artificial Flowers. 


Sandwiches or Slices.—Another form of individual is the ice cream 
sandwich. An ordinary quart brick is cut into eight or ten slices, each 
of which is wrapped in waxed paper and put into a carton. Sometimes 
a wooden spoon is placed inside the carton. 


CHAPTER III 
COLORS AND FLAVORS 


For many years the practice of coloring foods was looked upon 
askance by the consuming public. Better regulations governing the use 
of colors in foods, together with the purity of the colors themselves, 
have largely removed this aversion. To-day the sign in the soda fountain 
proclaiming the use of artificial colors and flavors receives but a casual 
glance. 

Coloring food is an art that is not sufficiently followed in America. 
More thought given to the color and the appearance of food would 
greatly improve the American cuisine. 

Even in the matter of ice cream, color plays an important part. Too 
much color is more undesirable than none. Only light shades should 
be used. Strawberry ice cream without the addition of coloring has a 
grayish appearance that is unappetizing. Even plain vanilla needs a 
little coloring, more in the winter than in the spring, to get away from 
a dead white appearance. 

Annatto.—Annatto is a reddish-yellow coloring matter, derived from 
the pulp enclosing the seeds of the Brxa Orellaha, a shrub indigenous to 
South America and the West Indies. Two types of solutions of the 
coloring matter are used in the dairy industry: an oil solution used 
for butter color, and a weak alkali solution used for coloring cheese. 

Coloring All the Mix.—The cheese color makes the best color for 
vanilla. It has the property of coloring both the casein and the fat. As 
a matter of fact, it is a good practice to add cheese color to all mix at 
the time of pasteurization. The pasteurizing and homogenizing processes 
thoroughly incorporate the cheese color so that 5 or 6 ¢.c. to 100 lbs. of 
mix give a natural butterfat color to the frozen product. 

Regulations.—The rules and regulations governing the use of colors 
and dyes in foodstuffs are covered by the ‘‘ Food Inspection Decisions ”’ 
issued by the Secretary of the United States Department of Agriculture. 

The laws! specify briefly that: 


1 Food Inspection Decisions, 76, 77, 117, 129, 159, U.S. D. A. Announcement of 
January 9, 1920, and U. 8, D. A. Miscellaneous Circular No, 52, November, 1925. 
41 
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1. Dyes are prohibited when they are used to color a food in a man- 
ner whereby damage or inferiority is concealed. 

2. Only those dyes listed may be used to color foods. 

3. All such dyes must bear a certification? of the Secretary of Agri- 
culture that the dye has been tested by competent experts and found 
to be free from harmful constituents. 


The Permitted Dyes.— 


Yellow Shades: 
10 (4) Naphthol Yellow S 
640 (94) Tartrazine 
61 Yellow OB (ortho-tolueneazo-6-naphthylamine) 
22 Yellow AB (Benzeneazo-G-naphthylamine) 


Orange Shade: 
150 (85) Orange 1 


Red Shades: 
184 (107) Amaranth 
80 (56) Ponceau 3R 
773 (517) Erythrosine 


Green Shades: : 


670 (435) Light Green S F Yellowish: 
666 (433) Guinea Green B 


Blue Shade: 
1180 (692) Indigotine 


The numbers in parentheses are for identification and are taken 
from the 1904 edition of A. G. Green’s ‘Systematic Survey of the 
Organic Coloring Matters,” which is a translation from the German of 
Schultz and Julius. The first number in each line is that of the dye as 
listed in the color index of 1924, published by the Society of Dyers and 
Colourists of England. 

Tartrazine is the most commonly used of the yellow shades. It is 
easily soluble in water and produces a distinct lemon-yellow shade. 


? Unless special precautions are taken in manufacturing and purifying, ordinary 
coal-tar dyes contain impurities which may be more or less toxic. Before dyes may 
be used for coloring foods a sample of each batch must be sent to the U. S. Bureau 
of Chemistry for analysis. If the dye meets the standard of purity set for certified 
dyes, then the manufacturer may take the necessary steps to have the dye certified 
for use in coloring food. Full directions for certification of coal-tar food colors are 
given in U. 8. D. A. Miscellaneous Circular No. 52, November, 1925. 
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Yellow AB and Yellow OB are soluble in oils, while the other nine dyes 
are soluble in water and insoluble in oils. These two yellow colors are 
used to some extent for coloring butter and oleomargarine, although 
they have been largely displaced for this purpose by color made from 
annatto seed. Naphthol Yellow 8 gives a pure yellow tint, but because 
of its bitter taste it is little used. 

Orange 1 is easily soluble in water and produces a good orange tint. 
It finds many uses in ice cream, alone or in combination with other 
colors. For instance, it may be used alone for coloring orange ice cream. 
In combination with Tartrazine, in the proportion of 1 to 9, it gives a 
good egg-yellow shade. 

Amaranth is easily soluble in water and gives a raspberry color. 

Ponceau, dissolved in water, is a reddish-orange color, and when used 
to color ice cream gives a bright cherry color. Some manufacturers 
use it to color strawberry; a better strawberry color, however, is obtained 
with a mixture of Ponceau and Amaranth. 

Light Green S F Yellowish gives a green solution in water. It is 
used alone to color créme de menthe and mint-flavored ice creams. 

Indigotine gives an Indigo blue color, but because of its instability 
is little used in water solutions. It keeps better when made into a paste 
with a base of glycerine. 

The above coal-tar colors are totn by the trade as ‘ primaries,” 
and all mixtures, either dry or in solution, are called ‘ secondary ” 
colors. 

Color Solutions.—The manufacturer need buy only the coal-tar 
primaries in the powdered form and can then make up his own solu- 
tions. To buy the colors already in solution is a needless expense, for 
little effort is required to make the solutions. The powder is dissolved 
in hot, preferably distilled, water at 150-180° F. It is not necessary to 
boil the water. Three to 8 oz. of powder will dissolve in 1 gal. of water. 
An exact ratio cannot be given and accepted as infallible, since the 
various makes of powder vary somewhat. The manufacturer must 
determine for himself the amount of powder to put in solution. 

Bacteria grow rapidly in solutions of these colors. The California 
State Department of Agriculture found the bacteria count in them to 
run as high as 93,000,000 per cubic centimeter. The result is marked 
decomposition or fermentation, accompanied by a change of color. 
Therefore, solutions not intended for immediate use should be preserved 
by the addition of some approved preservative, such as benzoate of 
soda. One-tenth of 1 per cent is sufficient. 

The manufacturer may keep large stock solutions of the primary 
dyes on hand and make up smaller quantities of other colors from these. 


cc 
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Before large quantities are made, however, trial tests should be made 
with small amounts to determine the fitness of a color for a specific 
purpose. The solutions should be stored in glass containers away from 
the direct rays of the sun. f 

Principles of Color Combination.—A simple table supplies the neces- 
sary information, in most cases, for making the various shades from the 
coal-tar primaries. If the fundamentals of colors are understood, how- 


Red 


Violet Orange 


Blue Yellow 


Green 


Source: Prof. Jackway, University of California 


Fic. 23.—The Chromatic Circle. 


ever, nearly any hue may be accurately made. A knowledge of these 
fundamentals is almost indispenable to the clever decorator of fancy 
ice creams. 

There are three pigmental hues which cannot be produced by any 
mixture with other colors, but which are themselves capable of pro- 
ducing, in conjunction with black and white, all other colors. These 
three colors, which for this reason are called the primaries, are red, yel- 
low, and blue. Being as unlike as possible, they may, for the sake of 
clearness, be conceived as lying at the points of an equilateral triangle 
inscribed within the circumference of a circle. 

Any two of the primaries can be mixed to form a third color, which 
partakes equally of the qualities of its constituent primaries. Thus, 
red and yellow yield orange; yellow and blue yield green; and blue 
and red yield violet. These resultant hues, which are called the secon- 
daries, accordingly lie midway between the two primaries which unite 
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to form them, and directly opposite the third primary on the chromatic 
circle. 

Instead of uniting any two of the primaries to form secondaries, or 
colors partaking equally of the qualities of their components, one can, 
of course, unite them in different proportions to form other hues par- 
taking unequally of these qualities. Thus, red can be made dominant, 
in a mixture of red and yellow in a degree that will produce red-orange, 
a color sharing equally the qualities of red and of orange. Similarly, 
yellow may be made dominant in such a degree as to form yellow-orange, 
lying midway between orange and yellow. This process can be con- 
tinued indefinitely, since it is manifest that any two primaries can be 
united in any proportions whatever, thus producing, in theory, an infinity 
of hues differing by infinitesimal gradations, Most of these hues have 
not been named. 

With the principles governing color combinations in mind, it is an 
easy matter to secure nearly any desired color from a mixture of the 
coal-tar ‘‘primaries.”’ The following table of tested combinations may 
prove useful. 


TABLE V 
SUGGESTIONS FOR CoLor CoMBINATIONS 


Persian Rose Leaf Green 
88 parts 517 Erythrosine 100 parts 485 Light Green 8 F Yellowish 
8 parts 94 Tartrazine 
4 parts 107 Amaranth 


Rose, Bluish Violet 
500 parts 517 Erythrosine 88 parts 107 Amaranth 
50 parts 107 Amaranth 42 parts 692 Indigotine 
Striping Red Burnt Peanut Brown 
10 parts 517 Erythrosine 45 parts 85 Orange 1 
30 parts 107 Amaranth 25 parts 56 Ponceau 3-R 
60 parts 56 Ponceau 3-R 30 parts 435 Light Green S F Yellowish 
Cherry Red Shade No. 1 Orange (Yellowish) 
68 parts 107 Amaranth 50 parts 94 Tartrazine 
32 parts 85 Orange 1 50 parts 85 Orange 1 
Cherry Red Shade No. 2 Reddish Orange No. 2 
100 parts 56 Ponceau 3-R 75 parts 56 Ponceau 3-R 
30 parts 94 Tartrazine 
Lemon-Yellow Shade Créme de Menthe Green 
100 parts 94 Tartrazine 48 parts 435 Light Green S F Y 


52 parts 94 Tartrazine 
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Carmine Red Shade Chocolate Brown 
90 parts 517 Erythrosine 28 parts 692 Indigotine 
10 parts 56 Ponceau 3-R 20 parts 107 Amaranth 


40 parts 94 Tartrazine 
12 parts 85 Orange 1 


Deep Red Shade Reddish Orange 
75 parts 56 Ponceau 3-R 90 parts 85 Orange 1 
25 parts 107 Amaranth 10 parts 107 Amaranth 
Strawberry Shade No. 1 Yellow Egg Shade 
94 parts 107 Amaranth 90 parts 94 Tartrazine 
16 parts 56 Ponceau 3-R 10 parts 85 Orange 1 
Strawberry Red Shade No. 2 Raspberry Red Shade 
30 parts 107 Amaranth 100 parts 107 Amaranth 
70 parts 56 Ponceau 3-R 
Guinea Green B 433 Golden Yellow 
Similar to ight green but 75 parts 94 Tartrazine 
slightly more blue in shade 25 parts 85 Orange 1 
Blue 


95 parts 692 Indigotine 
5 parts 107 Amaranth 
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It is generally understood and appreciated that palatability con- 
tributes in large measure to the digestibility of our food. Whenever 
food that is aromatic, or pleasing to the taste, enters the mouth, it 
automatically causes a secretion of juices, which at once begin their 
function of digestion. This is the phenomenon that the physiologist 
calls ‘‘ psychic secretion.” 

Most of the organic compounds are tasteless in the pure form. The 
flavor of food products, then, except for sweetness, is due largely to 
minor constituents such as organic acids, esters, and essential oils. 
These are present in such small amounts that artificial flavoring is 
necessary. Vanilla and lemon are the most common flavors in general 
use. When the ice cream industry was in its infancy, practically all of 
the ice cream made was lemon-flavored. In recent years, however, 
vanilla has become the most popular flavor, more than 50 per cent of 
all ice cream manufactured being of this flavor. 

Vanilla is the fruit capsule of an orchid, Vanilla planifolia. The 
capsules are filled with a transparent balsam, in which the black seeds 
are imbedded. It is in the balsam that the vanillin, which gives the 
agreeable aroma to vanilla, is produced. 
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The freshly gathered vanilla fruit is green and without odor and 
contains no free vanillin, or merely an infinitesimal quantity.3 This is 
developed by subsequent treatment. The process of fermentation, or 
sweating, develops the free vanillin, which is formed by the splitting 
up of a glucoside. 

Vanilla blooms in October and November, is gathered in May, June, 
and July, and is prepared in October and November. At the beginning of 
November, the first installment of the new harvest arrives on the market. 


Courtesy Hudson Mfg. Co. 


Fic. 24.—Vanilla Beans During the Drying Process. 


The most important operation in handling the vanilla beans is that 
of bringing them to the proper degree of dryness. When insufficiently 
dried they soon become mouldy; when overheated, although they keep 
well, they are brittle, break easily, and consequently have little com- 
mercial value. The beans are cured both naturally and with artificial 
heat. The ‘natural’? method is to sweat them between folds of 
blankets after exposing them to the air. This process must be repeated 
daily for about four weeks. 

The beans may be cured more quickly by exposure to artificial heat 
in the presence of calcium chloride. Although beans so cured are con- 
sidered inferior in quality, it is claimed that they retain their aroma 
better. 4 


3 Arbeiten aus dem kaiserl. Gesundheitsamtes, Vol. 15, p. 1-118. Berlin, 1899. 
4Dr. S. Die Erntebereitung, Der Tropenflanzer, Vol. 2, pp. 24-26, 1898. 
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Grades of Beans.—There are many different grades of vanilla beans, 
Mexican vanilla being the most delicate. Certain valleys in Mexico 


Courtesy Hudson Mfg. Co. 
Fie. 25.—Sorting and Grading Vanilla Beans. 


are the natural homes of these plants, and although they may be grown 
in other places they do not have the refined, delicate flavor and the 


Courtesy Hudson Mfg. Co. 
Fig. 26.—Vanilla Beans Ready for the Market. 


aroma of the Mexican bean. Bourbon beans, grown on the Isle of 
Réunion, are next in quality, but do not have the excellence of the 
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Mexican bean, because the plants were removed from their native 
habitat to be grown on this island. They resemble the tonka bean in 
odor. The tonka bean is almond-shaped, with a single seed containing 
a great deal of coumarin. This gives a harsher vanilla flavor than that 
of the Mexican bean. 


Cheaper varieties are those from South America, which do not bring 


' Fig. 27.—Benzoie Acid Crystals. 


half the price of the Mexican beans; and the cheapest of all are the Tahiti 
beans and the so-called “vanillons,” which are the seeds of the wild 
vanilla (Vanilla pompona). Varieties known as “splits” are also on 
the market. These are beans which have been allowed to ripen on the 
vine and which have split in curing. They are undesirable on account 
of their full and heavy flavor. ‘Mexican cuts ”’ are undesirable seconds, 
chopped and mixed, composed of beans that have been poorly cured or 
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broken, and others that have fallen early from the vine. The market 
prices for the various grades of beans vary considerably. As an illus- 
tration, the best grades of Mexicans on the market (January, 1924) 
commanded a price of $15 a pound, while Tahitis could be bought for 
$3.50. Y 

Beans that have been deprived of vanillin by extraction with alcohol 
are sometimes found on the market. Their color and appearance are 
restored by immersion in tincture of benzoin and by coating with 
crystals of benzoic acid to give them the appearance of the natural 
vanillin crystals. These two crystals can be readily distinguished under 
the microscope, 


Compositions of Vanilla Extract: U. S. Standards.—Vanilla extract 
is the flavoring extract prepared from the Vanilla bean with or without 
sugar or glycerine, and contains in 100 c.c. the soluble matters from not 
less than 10 grams of the vanilla bean. 

Vanilla bean is the dried, cured fruit of Vanilla planifolia Andrews. 

Tonka extract is the flavoring extract prepared from tonka beans 
with or without sugar or glycerine, and contains not less than 0.1 per 
cent by weight of coumarin, extracted from the tonka bean, with the 
corresponding proportion of the other soluble matters thereof. 

Tonka bean is the seed of Cowmarouna odorata. 


Preparation of Extract—At one time, most vanilla was prepared by 
allowing the beans to soak in alcohol until the soluble matter had been 
dissolved out. Inasmuch as this process required several months, per- 
colating is coming into practice more and more. 

The U. 8. Pharmacopceia method of percolation fully illustrates the 
principle: 

Vanilla cut into small pieces and bruised, 100 grams. Sugar in 
coarse powder, 200 grams. Alcohol and water, each sufficient quantity 
to make 1000 e.c. Mix alcohol and water in the proportion of 650 c¢.e. 
of alcohol to 350 ¢.c. of water. Macerate the vanilla in 500 ¢.c. of this 
mixture for twelve hours, then drain off the liquid and set aside. Trans- 
fer the vanilla to a mortar, beat it with the sugar in a uniform powder, 
then pack it in a percolator and pour upon it the reserved liquid. When 
this has disappeared from the surface, gradually pour on the menstruum 
and continue the percolation until 1000 c.c. of tincture are obtained. 


The formula of a commercial vanilla, selling in the spring of 1926 
for approximately $14 a gallon, is given below: 


123 lbs. Bourbon beans 
125 lbs. Tahiti beans 
> gal. glycerine 
132 gals. alcohol 
10% gals. distilled water 
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If the manufacturer in America plans to make his own vanilla 
extract, he must secure a permit from the Government to obtain pure 
grain alcohol. This is done by filling out the Treasury Department’s 
Form 1404 in triplicate and filing it with the Federal Prohibition Director 
of the State in which the plant is operating. If 15 wine gallons of alcohol 
or less are procured every three months, it is not necessary to file a bond. 

Adulterations.—Adulteration of vanilla extract is usually accom- 
plished with one or more of the following: coumarin (CoH¢Oz), either 


Fic. 28.—Coumarin Crystals Used to Reinforce Vanilla Extract. 


extract of the tonka or prepared from chemicals; artificial vanillin 
(CgHsO3) prepared from chemicals; prune juice; caramel. 

Imitation vanilla flavors are usually made of a mixture of natural 
or artificial coumarin with chemically prepared vanillin in a weak 
alcohol colored with caramel. Prune juice is frequently used to give 
body and flavor to these imitations. These artificial preparations possess 
a pronounced flavor which is very gross in its nature, lacking the delicate 
and refined flavor of the genuine extract. 

Detection of Artificial Extract—Coumarin or tonka tincture in 
vanilla extract is usually recognizable, to a certain degree, by the odor, 
if one is at all familiar with these flavors. If two samples are taken, 
one known to be good vanilla and the other to be an artificial prepara-, 
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tion, it is possible to distinguish between the two. The odor of coumarin 
is more pungent and penetrating than that of vanillin, and in mixtures 
it is apt to predominate over the milder and more delicate odor of vanil- 
lin. Vanilla extracts which, when untreated, are too strong to allow 
the taste to be determined, may be tasted by placing a few drops on 
lumps of sugar and tasting the flavored sugar. Weak standard mixtures 
in water also allow the taste to be recognized. This gives a rough idea 
of both the strength and the flavor. Recent experiments,° however, 
show that in tasting a large number of vanilla samples, the average ice 
cream manufacturer is unable to determine the difference between a 
true and an artificial extract. Furthermore, some tests show that it is 
not possible to tell whether a true or an artificial extract has been used 
in flavoring ice cream. The tests showed, however, that the true flavors 
tend to persist longer than the artificial. The type of extract the manu- 
facturer should use seems to be an unsettled question. Some manu- 
facturers claim that they do not use pure vanilla because it freezes out, 
or because its effect is nullified by freezing, and that artificial coumarin 
or vanillin is necessary to fortify vanilla and counteract this tendency. 
It seems logical, however, to suppose that over a period of time necessary 
for a true test the buying public will consume greater quantities daily 
when only the best natural flavors are used. 

Lead Acetate Test.—Where normal acetate of lead solution is added 
to a suspected product, the absence of a precipitate is a conclusive evi- 
dence that the extract is artificial. A pure vanilla extract should yield, 
with lead acetate, a heavy precipitate, and should settle after a few 
minutes, leaving a clear, supernatant, partially decolorized liquid. 
Mere cloudiness may be due to caramel. 

Test for Coumarin.—When potassium iodide is added in excess to 
an aqueous solution of coumarin, it forms a precipitate, “being at first 
brown and flocculent, afterwards, on shaking, clotting together to form 
a dark green, curdy mass, leaving the liquid perfectly clear.’”’® The 
above are, of course, only simple qualitative tests. 7 

Amount in Ice Cream.—Vanilla extract is very volatile and should 
be added to the ice cream only in the freezer. The practice of adding 
it to the mix, either during preparation or while aging, is a wasteful one. 

The amount of vanilla to use in ice cream is governed by so many 
different factors that no definite amount can be recommended. A strong- 
flavored ice cream may suit the public in one section of the country, 


> Pierce, Combs, and Frost, Journal of Dairy Science, Vol. VII, No. 6, p. 585. 

6 Leach, A. E., Food Inspection and Analysis, p. 917. John Wiley & Sons,1920. 

7 For quantitative tests, see Leach, Food Inspection and Analysis, 1920, pp. 
919-927. 
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while the consumers in another section may prefer a light-flavored 
product. If the manufacturer is doubtful about the demand in his 
locality, let him make up a number of samples and get the opinions of 
a group of persons. This is a relatively inexpensive method of deter- 
mining the public preference and has often proved effective. 

Vanilla in small amounts brings out a flavor, just as salt does in 
cooking. A small amount, therefore, should be added to all flavors of 
ice cream. Usually half the amount used in vanilla ice cream is enough 
to augment the other flavor without giving a pronounced vanilla flavor. 

Oil of lemon is made from the grated lemon rind “ either by treat- 
ment with hot water, skimming off the oil which rises to the surface, or 
by pressure, or by distillation with water.’’® Great quantities of the 
oil are imported from Italy in copper flasks. It must be kept in a dark 
bottle and stored in a coo! place between 30° and 40° F. because exposure 
to air and light in the presence of heat gives it the very undesirable 
flavor of terpenes. | 

Oil of orange is made from the rind of the orange in a manner similar 
to that described for lemon oil. Storage precautions mentioned for lemon 
oil apply in the same way to orange oil. 
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Chocolate is made from the cocoa bean, the seed of Theobroma cacao, 
a tree native to Central America and grown only in tropical regions. 
The tree is properly called the cacao, a term which is undoubtedly much 
like the name employed by the natives of Mexico, where the plant was 
first brought to the notice of Europeans. As a matter of fact, in the days 
of the Indian civilizations the cacao bean was used in Mexico for money. 
Chocolate was first introduced into Europe by Cortez. Since 1913 the 
“world’s production of cacao has nearly doubled, increasing from 253,144 
metric tons to 499,723 tons, the latter being the figure for 1924. To-day 
the United States consumes one-third of the world’s supply. Germany, 
The United Kingdom, France, and the Netherlands are the leading 
consumers in Europe. 

In 1911 Ecuador was the greatest cacao-producing country, supply- 
ing 16 per cent of the world’s production, but 1924 found her in third 
place with only a 10 per cent interest in the grand total. The African 
Gold Coast now produces 35 per cent of the world’s cacao more easily 
and cheaply, and it is unlikely that Ecuador, with her labor shortage and 
haphazard methods, will ever regain her leadership. Nigeria, adjacent 
to the Gold Coast, now produces as much cacao as Ecuador. Brazil 


8 Leach, Food Inspection and Analysis, 1920, p. 988. 
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follows the Gold Coast with 14 per cent of the total; Ecuador, 10 per 
cent; Trinidad, 7; Dominican Republic, 6; Venezuela, 5; and all 
others, 23 per cent. 

The name “‘cacao”’ is retained in most European languages, but in 
Enylish, very curiously, it has been transformed into the word “cocoa,” 
which belongs strictly to the cocoanut of the tropics. 

The seeds are borne in a large pulpy fruit, about 10 inches long and 
4 inches thick, containing 20 to 40 seeds. At the proper stage of 
maturity, the fruit is cut from the trees, split open, and its seeds (cocoa 
beans) removed. These are sometimes dried at once in the sun. For 
the preduction of a better-flavored product, however, they are allowed 
to undergo a fermentation process. When dried in the sun, the beans 
are roasted in revolving steel cylinders, after which the hulls are removed 
by machinery. The beans are then crushed and freed from the germs. 
The roasted and coarsely crushed product, freed from hulls and germs, 
is known as cocoa nibs. The nibs are thoroughly ground in stone mills, 
the material being reduced to a thin paste, which on cooling sets to a 
hard cake. This is known as unsweetened or plain chocolate and has 
approximately the following composition: 


Per Cent 
Water er ei orrarentea rate ake he praca noes du Seaver ehoiee eRe 3 
IPPOLELI Eerie os Storck oi bekeseieie ceo Rte na Nee 12 
ABE ODLODIIN Crp.c. ms oven eat eS oneroree sted cn ee i 
HA GERI NG Teoh eet Se pte ons a cht fea oe 50 
dl oY =) ee eee Se Pe ne ee RAL 4 8 oi 3 
Carbohydrates (other than fiber)................. 28 
ASIDES orate ais Bis gteee Sicvend ht Scale aati Oe 3 


Cocoa is chocolate from which about one-half of the fat has been 
removed by pressing. The fat thus obtained is known as cocoa butter. 
Cocoa butter is often mixed with sweetened or milk chocolate to give it 
a glossy appearance for covering candies and Eskimo Pies. 


U. S. Standards.—Chocolate is the solid or plastic mass obtained by 
grinding cocoa nibs without removing any constituent except the germ. 
{t must not contain more than 3 per cent of ash insoluble in water, 3.5 
per cent of crude fiber, and 9 per cent of starch, nor less than 45 per cent 
of cocoa fat. 

Sweet chocolate is plain chocolate mixed with sugar (sucrose), with 
or without the addition of cocoa butter or flavoring material. It must 
not contain in the sugar-and-fat-free residue a higher percentage of ash, 
fiber, or starch than is found in the sugar-and-fat-free residue of plain 
chocolate. 

Cocoa and powdered cocoa are the cocoa nibs, deprived of a portion 
of their fat and finely pulverized. They must contain percentages of 
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ash, crude fiber, and starch corresponding to those in chocolate, after 
correction for the fat removed. 


Sweet or sweetened cocoa is cocoa mixed with sugar (sucrose) and 
containing not more than 60 per cent of sugar, and in the sugar and fat- 
free residue must not contain a higher percentage of ash, crude fiber, or 
starch than is found in the sugar and fat-free residue of chocolate. 

The solubility of cocoa is a characteristic that is not correctly repre- 
sented by that term, since only about 20-25 per cent of cocoa goes into 
solution. The processing of the seed causes such an alteration of texture, 
by the opening up or partial disintegration of the tissues, that the final 
product is rendered capable of suspension in such liquids as water or 
milk. The less the settling, the more desirable the product, other things 
being equal. 

This characteristic is obtained during the manufacturing process by 
pulverizing, and, in some instances, by treatment with such alkalies 
as potassium or sodium carbonate, magnesium carbonate (Dutch proc- 
ess), solution of ammonia, or ammonium carbonate (German process). 

The effect of the alkali is “‘to act upon a part of the fat, and produce 
a more perfect emulsion with less separation of oil particles.”’® Such 
treatment with alkali is regarded with disfavor, although it is not con- 
sidered a form of adulteration. Cocoa thus treated is generally darker 
in color than the pure article. In most cases the use of alkali can be 
detected in the increased amount of mineral matters found in the ash, 
which in pure cocoa is about 4 per cent. Any appreciable amount above - 
this may be attributed to admixture of mineral matters used in the 
preparation. 

Discoloration in Chocolate Ice Cream.—A greenish-black discolora- 
tion in chocolate ice cream, according to Dahlberg, !° is directly attrib- 
utable to the tannins in cocoa. These spots develop in from one to ten 
days and-are usually near a rust spot in the can, the iron reacting with 
the tannins in the cocoa to form ferric tannate. The flavor of these 
discolored sections is decidedly fishy. The ability of cocoa to produce 
this discoloration in chocolate ice cream may be determined by the 
addition of a few drops of 10 per cent solution of ferric chloride to 10 c.e. 
of a 5 per cent solution of cocoa. If tannin is present, an intense black 
results, indicating an alkaline solution. It is to be expected, then, that 
cocoas prepared with alkali, such as those made by the “ Dutch process,” 
will most frequently give positive results to this test. This discoloration 
can be prevented by testing cocoa, as already described, before using it 
to flavor ice cream, or by using well-tinned cans or paper liners, thus 
preventing contact with rust spots. 

® Leach, Food Inspection and Analysis, 1920, p. 418. 
10 A. C. Dahlberg, Journal of Dairy Science, Vol. VI, No. 5, pp. 455-460. 
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Adulteration—Common adulterants of chocolate and cocoa are 
sugar (when the product is not labeled ‘“ sweetened ’’), starches, cocoa 
shells, sand, wood fiber, and iron oxide—the last-named being used to 
give color. Starches, cocoa shells, sand, and wood fiber may be detected 
under the microscope. If cocoa is purchased from a reliable house, one 
need have little fear of adulteration. 

Chocolate will keep for a long time without alteration when it is 
protected from the atmosphere. Chocolate articles should be kept in 
cool, dry storerooms. Heat causes volatilization of the aroma and 
facilitates the alteration by which cocoa butter becomes rancid; while 
dampness renders chocolate unsightly and promotes the growth of mold. 

- Flavoring Ice Cream.—One pound of cocoa or 14 lbs. of chocolate 

are required to flavor 10 gals. of ice cream. More chocolate is needed 
on account of its higher percentage of cocoa butter, which does not 
impart so much flavor as cocoa. It is the belief of some manufacturers 
that the cocoa butter in chocolate gives a more delicate flavor to the 
ice cream and that its use is worth while, notwithstanding the additional 
cost. The manufacturer, in using chocolate, should not deceive himself 
into believing that cocoa butter can be used to augment or supplement 
the butterfat in ice cream. The State and Federal Standards distinctly 
provide a minimum butterfat content. 
' Cocoa is more popular, however, and is usually added in the form of 
syrup. A simple formula for chocolate syrup is as follows: Ten pounds 
of cocoa and 15 lbs. of sugar are mixed dry and added to 8 gals. of boiling 
water. The mixture is stirred until dissolved and is then put into sterile 
cans and cooled. One gallon of this syrup should be used to flavor 
10 gals. of ice cream. 

It seems that certain of the chocolate flavors are volatile and are 
weakened by boiling. Some manufacturers stir the mixed sugar and 
chocolate, or mixed sugar and cocoa, into boiling water, cover, and cool 
immediately, keeping from the air until used. They believe that by so 
doing a better chocolate flavor is imparted to the ice cream. The syrup 
should be cooled before it is added to the ice cream. If this syrup is 
to be stored, it should be kept in a cold room to prevent fermentation. 

Dahle!! suggests that the best chocolate flavor for ice cream is made 
in the vacuum pan by the following method: 

15 lbs. cocoa or 23 lbs. chocolate liquor 
15 lbs. sugar 
4 oz. gelatin 
4 oz. salt 
125 lbs. milk (skim or whole) 
™ Dahle, C. D., Ice Cream Review, January, 1926, p. 64. 
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The milk is dumped into the hotwell; the cocoa, sugar, salt, and 
gelatin are added; and the steam is turned on. Since the steam causes 
considerable agitation, little stirring is required to put the cocoa into 
its proper state. The batch is heated to 190-200° F. By this time the 
mass is usually homogeneous. All this is drawn into the pan and con- 
densed to 10 gals., or a ratio of not quite 2:1. Three and one-half 
quarts of the mixture is sufficient to add to 5 gals. of mix. 

A checking of the various formule for chocolate syrup at the Cali- 


fornia Agricultural Experiment Station showed that the formula and 


‘ 


method as outlined above (with one exception: the salt was replaced 
by an equal quantity of cinnamon) gave a flavor rated above all others 
when submitted to competent judges. 

Chocolate-coated Bars.—Chocolate-coated ice cream bars were intro- 
duced in 1921 as “Eskimo Pies.’’ Vanilla ice cream, since it is the most 
popular, is nearly always used in these bars. The chocolate coating, 
especially prepared for this work, may be purchased from the chocolate 
companies. Ordinary candy coating or dipping chocolate gives too thick 
a coating. If used, it should be thinned with cocoa butter, care being 
taken not to increase the cocoa-butter content to such an extent that 
it predominates over the chocolate. 

Care of Dipping Chocolate——It is important to use the thermometer 
during the first melting and to avoid heating above 110° F. Although 
the warmer the chocolate, the thinner the coating on the bar, the ice 
cream must be very hard in order to take the higher temperature. The 
chocolate should be melted at a temperature of 110° F. and the dipping 
done at 90-95°. The chocolate should be stirred vigorously while 
melting, and often while in the dipping pan. When the pies come off 
the hooks and fall into the dipping pan, they should be removed at once. 
The chocolate is ruined for dipping if an appreciable amount of ice cream 
melts into it. 

Arrangements should be made to use all the chocolate melted each 
day. If some is left in the melting kettle and some in the dipping pan, 
it is likely to gather moisture and become grainy. 

The process of dipping is very simple. The ordinary brick of ice 
cream should be sliced horizontally into two pieces, each of which is 
then sliced into ten pieces. If the bricks are hard and a sharp knife is 
used, a smooth pie slice is obtained, which will not require as much 
chocolate as the pie slices that are rough and soft. To avoid trouble 
with softness, it is a good plan to have a quantity of pie slices in the 
hardening room some days before dipping. 

Pieces of wire about 8 inches long are bent into § shapes. One end 
of the wire is then inserted into a slice of ice cream, which is dipped 
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into the chocolate and instantly removed, to be hung upon a rod over a 
drip pan. The chocolate hardens in a few seconds. The pie may then 
be removed from the hook and wrapped in foil or put in cartons and 
returned to the hardening room. 

Other types of chocolate coatings, using a much greater quantity of 
dairy products, are also made and to some seem more desirable. 

Cocoa Coating. —The following coating has been worked out by Iowa 
State College.1? A powder is prepared by mixing together cocoa, dry 
skim milk, and powdered sugar in the ratio of 1 part of cocoa to 2 parts 
of dry skim milk and 3 parts of powdered sugar. It is very necessary 
that all three of these ingredients be as dry as possible and entirely free 
of lumps. The finer the mesh the more easily this is accomplished and 
the more uniform will be the finished coating. There is a tendency for 
the powdered sugar to lump if it contains too much moisture. Some 
powdered sugar contains considerable material that is undesirable for 
the preparation of this coating. If the powder is prepared in the pro- 
portions given above and thoroughly mixed, a very satisfactory, flexible 
coating will result. The second step in preparing this coating is to 
secure a good quality of unsalted, or at least very mildly salted, butter. 
Soften the butter by warming gently to the consistency to which butter 
is melted in preparing it for a moisture test. It should be thoroughly 
stirred while in this softened condition to distribute the moisture uni- 
formly in the fat and to give it a uniform, creamy consistency. A small 
quantity of vanilla, usually } oz. of pure vanilla extract, to each pound 
of butter used, will materially increase the palatability of the product. 
Butter with extremely high moisture will produce a very soft coating, 
while butter with very low moisture will produce a coating that is 
rather brittle and hard. The normal percentage of moisture in butter 
is most satisfactory. 

The softened butter, which has been prepared as indicated above, is 
mixed with the smooth powder which was previously prepared, in the 
ratio of 24 lbs. of butter to 2 Ibs. of the powder. These are thoroughly 
mixed, and placed in a container, and heated with very little agitation 
to a temperature of 103-105° F. There is very little loss experienced 
by the use of this coating. It does not ‘‘ go rough” like the ordinary 
chocolate coating, has about the same texture as the ice cream, is high 
in food value, and makes an excellent coating. 

It is more desirable to make up the coating in the ice cream plant as 
needed rather than to make up a large supply and store it, as the butter 
becomes rancid unless stored at a very low temperature and the sugar 
crystals increase in size upon standing. It has been the experience of 

12 Tverson, C, A., Iowa State College, Ames, Iowa. 
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the authors that a given quantity of this coating will go considerably 
farther than the same quantity of ordinary chocolate coating as first 
described. 

Butterscotch Coating. 1°—Butterscotch coating is made very similarly 
to the coating described above. The ingredients are put together in 


Courtesy Anderson Bros. Mfg. Co. 
Fic. 29.—Eskimo Pie Cutting and Wrapping Machine. 


the same manner. For this coating, 1 part of dry skim milk and 2 parts 

of powdered sugar are thoroughly mixed together, making sure that they 

are perfectly smooth and free of lumps. Salted or unsalted butter may 
13 Tverson, C. A., Towa State College, Ames, Iowa. 
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be used. The advantage of the unsalted is that there seems to be less 
tendency to foam or burn. The butter in this process may be heated 
rapidly at first with little danger, but care must be exercised after most 
of the water has boiled off and the temperature raises above 212° F. 
The curd has a tendency to settle to the bottom and therefore burns 
more readily. If this occurs, an undesirable flavor is produced. This 
condition is avoided by not heating too rapidly and by keeping the 
material agitated. The temperature should be raised to 280° F. At 
this temperature a slight burning of the butterfat results. The curd 
and salt may be removed at this point by straining through a cheese 
cloth. The clear, scotched butterfat is used for the coating. If a dull 
color appears on the finished ice cream bars, a little butter color may 
be added to the butterfat. This produces a brighter-colored coating 
and has a more attractive appearance. 

Stir together this pure butterfat and the dry powdered mixture 
described above. Usually, equal amounts of each are used. If this 
ratio gives a coating that is too thick, it may be thinned by the addition 
or more butterfat; or, if the coating is too thin, it may be thickened by 
cutting down slightly on the butterfat. This coating contains no 
moisture and the ice cream should be dipped at 103-105° F. Care 
should be exercised to make sure that no water or melted ice cream gets 
into this coating or it will go rough and grainy, as happens under the 
same conditions with the chocolate coating. 

Several machines have been devised for automatically cutting, dip- 
ping, and wrapping the bars. These materially reduce the labor cost, 
give a more uniform pie, and improve sanitary conditions of manufacture. 

The special equipment necessary to make chocolate-coated bars in a 
large volume and the narrow margin of profit at the present popular 
price make this article occasionally unprofitable to the manufacturer. 
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NUTS 


Quite a wide variety of nuts may be used in the manufacture of 
special and nut ice cream. Among these are the almond, English 
walnut, pecan, filbert, black walnut, and peanut. The first two are by 
far the most extensively used. Nuts purchased in quantities large enough 
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to last over a period of time should be kept in dry cold storage at a 
temperature between 32° and 36° F. 

Almonds.—Shelled almonds, commonly called meats, are the most 
economical form for the ice cream manufacturer to urchee 

Unshelled almonds keep better than the meats (unless they are in 
cold storage), since the latter easily become bruised and, once their 
skins are broken, rancidity seems to develop much more rapidly. 

If the manufacturer has sufficient cold-storage space, there is no 
reason why he should not acquire his entire year’s supply at one time. 
Almonds keep best in a cool dry place, preferably at a temperature of 
32-36° F., or thereabouts. Nuts deteriorate when they are stored 
longer than a year, even under optimum conditions. When removed 
from cold storage, they are likely to become rancid very rapidly. 

A study of the price fluctuations in almonds over a period of years 
shows no evidence of price cycles within a year, such as exist in the price 
of butterfat. One year the prices of alrnonds may be high and another 
year low; and, in any given year, prices may advance throughout the 
entire season. More often, the general price range will be about the 
same from beginning to end, the likelihood, of course, being that prices 
will advance as the season’s supplies are sold out. 

In the long run, the purchaser will do best to contract for a year’s 
supply in August or September, which is the usual time for the bulk of 
the crop to be harvested. 

The differences in the flavors of almond varieties are comparatively 
slight. A few varieties, notably the Texas, are slightly bitter. This 
flavor, however, is acceptable to many people. Others prefer an almond 
that is entirely sweet, such as the Drake. As a matter of fact, for ice 
cream purposes, the difference in flavor is so slight that price differential 
rather than a desire for a single variety, because of its superior flavor, 
should govern the buyer. In this connection, it should be stated that 
the most economical grade is the “‘sheller-run,” a seedling almond, which 
emerges from the shelling machine without selection for size or quality 
of kernel. ‘‘Sheller-run,”’ however, as put out by the California Almond 
Growers’ Association, is guaranteed not to contain over 25 per cent 
almond pieces and to be entirely free from particles of shell or other 
foreign substance. 

Blanching.—As the skin of the meat is somewhat bitter and tough, 
almonds that are to be used in ice cream should be blanched. Though 
machinery is available for doing this on a large scale, small quantities 
may be treated without it. The shelled nuts should be covered with 
boiling water, which should be poured off immediately. They are then 
plunged into cold water, which loosens the skins so that they are easily 
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removed. Three to 4 lbs. of almond meats is sufficient to flavor 10 gals. 
of ice cream. 

If an oven is available, the almond meats may be browned and 
used in ‘‘toasted almond ice cream.”” Some manufacturers believe that 
such a name appeals to the appetite, thereby aiding in the sale of this 
special. 

Should the manufacturer have a choice of varieties, the following 
table may be of value: 


TABLE VI 


Common ALMOND VARIETIES 


Number of Percentage of 
Variety Almonds Kernels to 
per Pound Whole Nuts 
iINonparelleeeeeeeae 236 66.6 
NES GA Peea con ion a6 See 152 52.28 
INetBlus Ultra eee 167 56.45 
IDrakeenie cea 145.5 44.48 


English Walnuts (Juglans regia).—It is probably more economical 
to purchase these nuts also in shelled form. The following table gives 
information on some of the common varieties, the figures being averages: 


TABLE VII 


ComMMon WALNUT VARIETIES 


Weight Number Per C : 

Variety of Nut of Nuts een Dee 

in Grams per Pound Oey Gravity 
IP acentiaaane ome cee 10.8 43 50 57 
Kureka te oes 14.5 32): 47 66 
Chascanncrc es eee 12.0 38 47 63 
Concord ise ae eee. 11.0 42 52 63 
IDL IM WOE sabia do ate OS te 14.5 32 50 60 
PrOLiticnm seman et tac eed 12.0 38 50 60 

SanvJOscsee ren ori oe iat al 41. 46 44.5 


In the table above a very careful effort has been made to present 
average figures for the varieties given. The reader should know, how- 
ever, that this is an extremely difficult thing to do, since some of the 
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varieties mentioned develop differently in various parts of the country, 
and furthermore, that nuts of the same variety vary widely on trees of 
different ages and under various conditions in the same locality. Again, 
especially in regard to weight and specific gravity, walnuts vary to a 
considerable extent from year to year. To obtain absolutely average 
statistics, it would be necessary to examine sample nuts from various 
parts of the country from trees of various ages, and on different types of 
soil, and from crops of several different seasons. It is impossible to 
obtain such samples at the present time in the case of practically all the 
varieties mentioned. The best that can be done is to present average 
figures for these varieties. An attempt has been made to bring out the 
comparative size and weight of the different varieties, and it is believed 
that the figures given are fair and representative in this respect. 

Percentage Meat.—This figure represents the percentage of meat 
in the total weight of the nut. For instance, in the third variety given, 
Chase, there would be 47 Ibs. of meat and 53 lbs. of shell in 100 Ibs. of 
nuts. The percentage varies somewhat according to the degree of dry- 
ness of the nut. It is, therefore, impossible to give definite figures in this 
respect without some standard as to the dryness or moisture content. 

In weighing the meat and shell, everything except the meat proper 
is included with the shell. The weight given for the shell, therefore, 
includes that of the septa or partitions between the divisions of the 
meat. 

It will be noted that in all the good varieties the percentage of meat 
lies between 45 and 52. A variety that averages less than 45 per cent 
of meat in fairly dry nuts is not worthy of consideration, while one that 
runs over 50 per cent is exceptional. The comparative percentage of 
meat in the several varieties listed is influenced largely by the actual 

weight of the meat and shell. Some varieties have a good meat, but also 
“a heavy shell, while others have no more meat to the nut, but a rather 
lighter shell, giving a higher percentage to a variety with less meat. 
Eureka walnuts, for instance, have 47 per cent meat as compared with 
50 per cent or more in Placentia. The former variety, however, averages 
only 32 nuts to the pound. In other words, in one average Eureka nut, 
there are about 7 grams of meat, while in a Placentia nut there are only 
5.4 grams, although the two nuts are of nearly equal size. Varieties 
like Eureka and El Monte have heavy shells, as well as heavy meats, 
as have also the Chase and the Prolific. This condition is indicated by 
the high specific gravity of these varieties. 

Specific Gravity——The specific gravity is obtained by dividing the 
weight in grams by the volume in cubic centimeters. This represents 
the comparative weight of nuts of the same volume or size in the different 
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varieties. For instance, with Chase and Placentia, which are practically 
of the same size, the weight of sacks of nuts of equal size would be as 
63 to 57 in favor of Chase, while the number of nuts would be the same. 
Chase and Concord, having the same specific gravity, 63, would weigh 
alike in sacks of the same size, but more Concord than Chase nuts 
would be required to fill the sack, in the ratio of 19: 17.5. Sacks of 
equal size, containing Eureka and San José would weigh 66 lbs. and 
44.5 lbs., respectively, while at the same time the ratio would be 25 
Eureka to 22 San José nuts. The most desirable qualities are high 
specific gravity, fairly large size, small number in a pound, and high 
percentage of meat. 


CHAPTER IV 
THE USE OF FRUITS IN ICE CREAM AND ICES 


ALTHOUGH fruit ice creams and water ices are of great importance, 
fruits are not used as extensively, in these products, as conditions 
warrant. Generally, the proportion of fruit used is smaller than is 
required for the best quality of finished product, and too often the 
attempt is made to remedy the lack of fruit by the addition of artificial 
flavor and color. 

The legal requirement of some states of a minimum of 3 per cent of 
fruit in fruit ice cream is altogether too low. In the case of many fruits, 
such an amount fails to impart to the ice cream or ice any detectable 
flavor or other quality of the fruit. 

It is believed that the consumption of all ice cream and water ices, 
whether made with fruit or not, could be greatly increased if better 
fruit ice creams and fruit ices were made by the industry. 

Health Appeal.—From the standpoint of healthfulness, fruit ice 
creams have a special appeal. In many ways, the constituents of fruits 
supplement those of the dairy products in the ice cream. The dairy 
products are rich in vitamins A and B, and for this reason stimulate 
growth and normal development; but they are, compared with many 
fruits, somewhat lacking in vitamin C, the anti-scorbutic vitamin. 
Children particularly require this vitamin in abundance, a fact that 
accounts for the widespread use of orange juice in children’s dietaries. 

Most fruits contain acids such as citric, malic, and tartaric, which are 
beneficial to health and, in addition, mineral salts that during metabol- 
ism give residues, basic in character, that tend to counteract the acid 
residues from a meat and cereal diet. These various beneficial properties 
of fruits have legitimate advertising value. 

Suitability of Various Fruits.—At present, strawberries, raspberries, 
oranges, pineapples, maraschino cherries, peaches, bananas, and grapes 
are the most important of the fruits used in ice cream and water ices. 
These are all excellent, provided they are prepared properly and used 
in sufficient quantity. 

Experiments made at the University of California,! however, have 

1Turnbow, G. D., and Cruess, W. V., Bul. No. 434, University of California. 
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demonstrated that several other fruits are very desirable for use in the 
ice cream industry. Among these are prunes, which give a cream of 
rich flavor and attractive color, and, if sufficient fruit is used, a product 
with the well-known health value of prunes. 

Figs are in a similar position, giving an ice cream of distinctive 
flavor, much appreciated by those who are familiar with this fruit. 

Apricots, because of their deep, golden-yellow color, high acidity, 
and marked flavor, are excellent in ices, and also are very satisfactory in 
ice cream. The Royal and Blenheim varieties are rich in color and 
flavor and are recommended in preference to others. Canned pears 
give a créam of delicate but pleasing flavor and a very satisfactory ice. 
Recently, the avocado (alligator pear), a sub-tropical fruit of rich flavor 
and of buttery consistency, has been used in California in preparing an 
ice cream much in demand at exclusive hotels. 

Persimmons, if soft-ripe, are excellent for use in ice cream. They 
give a golden-yellow color and a rich flavor. 

Apple pulp and juice can be used in ice creams and water ices; but 
experiments indicate that these products would not meet with great 
popular favor because the consumer apparently prefers this fruit 
in its natural state, or, if associated with ice cream, as apple pie A la 
mode. 

Raisins, particularly seeded Muscats, that have been canned to 
retain the original flavor, not only are very inexpensive but give an 
excellent cream. 

In general, all fruits possessing sufficient flavor or color, or both, 
can be used successfully in ice cream and ices, provided enough of the 
fruit is added to impart to these products the unmistakable flavor of 
the fruit. 

The Importance of Variety.—Not all varieties of a given fruit are 
equally desirable for use in the ice cream industry; those possessing the 
richest flavor and deepest color should be selected. Thus strawberries 
should be of varieties of deep color and firm flesh, and should be free of 
hollow centers. The Marshall is a good example of a satisfactory berry 
for ice cream use. The Banner, commonly grown in California, not only 
often lacks color but also has a large percentage of the berries hollow 
at the center. 

Peaches for ice cream must be of marked flavor. The highly flavored 
table varieties, such as the Carmen, ‘“ strawberry,’”’ Elberta, and Lovell, 
are to be preferred to the canning varieties, such as the Phillips, Tuscan, 
and Muir. 

The Royal Anne cherry is best for the maraschino process because 
of its light color and firm texture. 
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The eastern varieties of grapes, like the Concord and Pierce Isabella, 
are of more pronounced flavor and, therefore, are better for ices than 
are the European (Californian) varieties. 

Available Forms of Fruit—In most cases, the fresh fruit is to be 
preferred to all other forms, but in many localities it is too costly or is 
not available during the ice cream season. 

The best substitute for the fresh fruit is that preserved in freezing 
storage and ordinarily known under the name of “ cold-pack.” Cold- 
pack strawberries and raspberries are very generally used in the trade. 
The ice cream manufacturer is in an excellent position to store fruit 
for his own needs in this manner. 

Some fruits are canned in specially prepared forms for the ice cream 
trade, and although often excellent in quality are also often prohibitive 
in price if used in sufficient amount to give a real fruit product. In 
experiments at the University of California and in various ice cream 
factories, it has been found that the lowest grade of canned fruit, that is, 
solid-pack pie fruit, is eminently suitable for use in the ice cream industry 
and is of such low price that it can be used in generous proportions. 
Crushed pineapple, which was formerly in this class but which, on 
account of national advertising, has become somewhat higher in price 
than some of the pie-grade fruits, is nevertheless an excellent product 
for the purpose. 

Fruit canners in California are equipped to pulp various fruits into 
the form of a puree for canning. Apricot pulp is obtainable in this 
form and is very satisfactory for use in the ice cream industry. All 
canning fruits lend themselves to this method of preparation. 

Fruit preserves, particularly maraschino-style cherries, are used 
successfully in ice cream. Compared with the pie grade of canned fruit, 

the preserves are unduly costly. They also contain so much sugar that, 
” if used in sufficient quantity to impart the flavor of the fruit, they reduce 
the freezing point and give too soft an ice cream. 

Some fruits are available in crushed and sweetened form, preserved 
in glass with sodium benzoate. The frozen fruit is to be preferred as 
the benzoate injures the flavor. 

A number of different dried fruits are satisfactory for use in ice 
cream. Of these, prunes, figs, raisins, and apricots are the best. 

Fruits juices may be preserved in the frozen condition in the harden- 
ing room or may be obtained in bottled form, pasteurized. Of these, 
grape and loganberry are the best. 

Recently an industry has been developed for the preservation of 
various juices by concentration. The products are known as concen- 
trates; the orange, grape, and apple particularly are satisfactory for 
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use in the ice cream industry, although the fresh juices or those preserved 
by freezing are of better flavor than the concentrates. 

Juices are also preserved successfully by the addition of sugars to 
give a heavy syrup; orange syrup thus prepared is one of the most 
satisfactory. ; 

Experimentally at least, powdered fruit juices have been prepared 
in the same manner as milk powder and appear to have possibilities 
for use in the ice cream industry. Candied and glacé fruits are used | 
to a limited extent in specialties but are rather too costly for general 
use. 

Of the aforementioned products, it is practicable and usually profit- 
able for the ice cream manufacturer to prepare or preserve for his own 
use the fresh fruits, cold-pack fruits, particularly berries, and mara- 
schino cherries. He has facilities also for converting dried fruits and 
canned fruits into suitable condition for use in ice cream and ice. It is 
doubtful, however, whether it is advisable for him to can, dry, or pre- 
serve fruits, because of the expense and trouble involved. He will usually 
do better to buy such products. 

Characteristics of Fruit Flavors.—Most fruit flavors are unstable 
and volatile. Severe temperatures or prolonged heating at moderate 
temperatures tend to drive off much of the flavor and to convert the 
characteristic and very desirable fresh flavor of the fruit into a “‘cooked 
flavor.” 

“Flavor” should not be confused with ‘“‘taste.”’ Sugar has a sweet 
“taste,” fruit acid a sour ‘“‘taste’’; apricots and strawberries possess 
characteristic ‘‘flavors” and “aromas.” Flavor is perceived in part 
by the palate and in part by the sense of smell, and is due largely to 
volatile compounds. “Taste” in its restricted sense refers to the non- 
volatile characteristics such as the “salty” taste of salt or the ‘“‘ sweet ”’ 
taste of fruits or ice cream. “‘Aroma”’ is perceived by the sense of smell, 
and is very pronounced in some fruits. It is often more delicate than 
flavor and more readily injured by heat or other agencies. 

Oxidation destroys flavor and aroma. Therefore, cold-stored fruits 
should be protected from contact with the air. 

Volatile compounds are often lost when juices are concentrated by 
heat, or when fruits are converted into preserves by cooking. 

Sugar tends to protect fruit flavors against loss by volatilization or 
change by oxidation or heat. Therefore, sweetened fruits retain their 
flavor better than the unsweetened. 

Fruit flavors may be recovered from fruits by distillation, particularly 
in vacuo with alcohol, and some are available in concentrated form. 
So-called “ true fruit” flavors usually consist in part of the real fruit 
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flavor thus concentrated; too often, however, these are “ reinforced ” 
artificially. 

Natural fruit flavors are usually esters, i.e., naturally occurring com- 
pounds of a fruit acid and a fruit alcohol. Most of these are volatile and 
unstable. Some, such as methyl anthranilate of Concord grapes and 
ethyl butyrate of pineapple, have been identified and synthesized. 
F. B. Power, of the Bureau of Chemistry, United States Department of 
Agriculture, has conducted very elaborate studies of the flavoring com- 
pounds of various fruits, particularly grapes, apples, and peaches. 

Artificial flavors are good in their place, but there is no excuse, 
except cheapness, for their use in fruit ice creams. One of the principal 
causes for the comparative lack of popularity of fruit ice cream is the 
use of artificial flavor. The addition of orange extract to orange ice or 
ice cream, and of artificial vanilla to vanilla cream, does not fall strictly 
within this category. The addition, however, of artificial strawberry 
or raspberry, pineapple, and banana flavors is inexcusable and reacts 
very unfavorably on the consuming public. ; 

When to Buy Fruits.—For all varieties of fruit there is a seasonal 
peak when the particular fruit in question is most abundant and cheapest. 
If the ice cream maker will watch the daily market quotations during the 
fruit season and will occasionally visit the commission markets, par- 
ticularly near week ends, he will be able to purchase job lots of fruit at 
low prices. These can be placed at once in the hardening room and 
worked up into final form for storage at leisure. 

In some cases, those favorably located will find it feasible to deal 
directly with fruit growers or fruit growers’ organizations and thus be 
assured of receiving fruit in the best condition at moderate cost. 

Use of Fresh Fruits in Season in Ice Cream.—Usually the prepara- 

_ tion of fresh fruits for use in ice cream is simple and requires only the 
equipment found in the average ice cream plant. The fruits may be 
considered conveniently by variety. 

In all cases, without exception, the fruit must be thoroughly ripe; 
most fruits are best for ice cream when soft-ripe because they then 
possess their maximum flavor and may be thoroughly broken up and 
incorporated in the cream during freezing. If they are too firm, large 
pieces may be left in the cream and, because of low sugar content, may 
become “icy ”’ in texture and thus injure the quality of the frozen 
product. 

The ice cream mix referred to in the directions for use of fruit is found 
on page 136. 

1. Fresh Apricots.—Use only soft-ripe, sound fruit, preferably of the 
Royal or Blenheim varieties. Wash to remove dust. Pit but do not 
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peel. Pass the halved fruit through a food grinder fitted with a medium- 
fine blade; the fruit should be quite finely ground. To each 4 lbs. of 
fruit, add 1 Ib. of sugar. Boil for four or five minutes and allow to cool 
before use. 

To 45 Ibs. of ice cream mix, add about 9 Ibs. of the pulp, about 17 
per cent. To give 100 per cent overrun, approximately 12 gals. of frozen 
product should be obtained. The cream is really better if the vanilla 
flavor is omitted. 

2. Fresh Avocados (Alligator Pears).—Use only soft-ripe but sound 
fruit. Peel and pit. Grind fine in a food chopper, and to each 4 lbs. 
add 1 lb. sugar. Mix well. 

Add approximately 8 lbs. of the fruit, about 15 per cent, to 45 Ibs. 
of mix. 

This cream is much like pistachio ice cream in appearance and flavor. 

3. Fresh Bananas.—Bananas are ripe when the skin has become 
yellow over the entire surface of the fruit and shows a few brown spots. 
For 5 gals. of mix, use 2 dozen large, or about 23-3 dozen medium-size 
or small bananas, or approximately 6 lbs. of the ground fruit to 45 lbs. 
of mix. Peel and grind medium-fine. No sugar or cooking is required. 

4. Fresh Blackberries—Prepared as described on page 72 for water 
ice. Blackberries can be used in ice cream in the proportion of about 
7 lbs. to 45 Ibs. of mix, but are more suitable for ice. 

5. Fresh Cherries —These are best if converted into maraschino 
cherries. See page 77. 

6. Fresh Figs——Where fresh figs are obtainable, as in California, 
Texas, Louisiana, and other Southern States, they may be used to 
excellent advantage in ice cream. Any variety, if soft-ripe, is satisfac- 
tory. Experimentally, the following procedure has given good results. 

Cut off the stems. Grind the fruit medium-fine. There should be 
no large pieces. To 6 lbs. of figs, add 1} lbs. of sugar and boil for three 
or four minutes. Cool and use with 45 Ibs. of mix. If white figs are used, 
a small amount of yellow color must be added. 

7. Fresh Lemons.—Lemon ice is much more popular than lemon ice 
cream; nevertheless, the latter is occasionally in demand. The juice 
should be mixed with orange juice and sugar before addition to the mix, 
in order to avoid coagulation from excess acidity. To extract the juice, 
a small rapidly revolving porcelain or metal cone,? driven by a small 
motor, is best. Strain the juice to remove seeds. To 2 pts. of lemon 
juice, add 1 pt. of orange juice and 3 lbs. of sugar. This is enough for 

2 These are used extensively at soda fountains and are obtainable from any 


fountain supply house or directly from the California Fruit Growers’ Exchange, 
Los Angeles. 
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45 lbs. of mix. Add also a few drops of lemon oil or a small amount of 
lemon extract. 

8. Fresh Muskmelon: Cantalowpe.—Peeled muskmelon or cantaloupe 
may be ground and put through a sieve to give a finely divided “ puree.” 
To 6 lbs. of the puree may be added 2 lbs. 
of sugar, with stirring, to dissolve. This is 
sufficient for 45 lbs. of mix. 

9. Fresh Orange—Oranges vary con- 
siderably in flavor and in acidity according, 
to the variety and locality. Generally, the 
Valencia is superior to the Navel in flavor- 
ing power. 

Extract the juice as directed for lemons, 
and strain to remove seeds and coarse pulp. 
To 2 qts. of orange juice, add 14 pts. of 
lemon juice and 3 lbs. of sugar. Add orange 
oil or extract to flavor, and orange color. 
This is sufficient for 45 lbs. of mix, Courtesy Calif. Fruit Growers Exch. 

10. Fresh Peaches.—Only varieties of Fic. 30—Orange and Lemon 
marked flavor should be used; most good Juice Extractor. 
table varieties will do. The skins of ‘slip 
skin” varieties may be removed easily by the following method: Dip 
in boiling water for one to two minutes and chill in cold water. Re- 
move peels, cut in half, and pit. Grind to medium fineness. To 12 
lbs. (or 6 qts.) of the pulp, add 3 lbs. of sugar. Boil three minutes 
and allow to cool. This amount is sufficient for 45 lbs. of mix. A 
little yellow or gold color may be required. 

11. Fresh Pears——Thoroughly ripe Bartletts are best, but any 
variety rich in flavor is satisfactory. Peel, core, and grind to medium 
fineness. Then proceed as directed for peach ice cream, using 10 lbs. of 
the pulp and 23 lbs. of sugar for 45 lbs. of mix. Yellow color is required. 

12. Prunes.—See Dried Fruits. 

13. Fresh Raspberries —Proceed as with strawberries. 

14. Fresh Strawberries —As stated elsewhere, there is a great varia- 
tion in the color, flavor, and texture of different varieties of strawberries, 
and for the ice cream makers’ use those varieties that possess a deep, 
bright red color, solid flesh, and marked flavor are best. The Marshall, 
Ettersberg, and other good canning and preserving varieties are superior 
to the Banner, which is inclined to be light in color and often hollow 
and light-colored at the center of the berry. 

Use at least 2 qts. (4 Ibs.) of hulled and washed, thoroughly ripe 
berries. Crush or rub through a colander. This amount is enough for 


72 THE USE OF FRUITS IN ICE CREAM AND ICES 


45 lbs. of mix. Add one half the usual amount of vanilla flavor, and a 
small amount of red color if needed. 

15. Persiémmons.—This fruit, if completely ripened, that is, soft- 
ripe, is excellent for use in ice cream. It gives a product of golden-yellow 
color, smooth texture, and rich flavor. In experiments in the Dairy 
Industry Division of the University of California, the Hachya variety 
was used, but probably any good table variety, if thoroughly ripened, 
could be used. 

Cut off the stem (and calyx) and separate the pulp from the peel. 
Grind fine or rub through a screen. To 8 lbs. of the pulp add 2 lbs. of 
sugar, and stir until dissolved. Add to 45 lbs. of basic ice cream and 
freeze in the usual manner. 

Fresh Fruit Ices.—There is a very large potential field for fruit ices, 
undeveloped principally because in the past fruit ices have been poor 
keepers, often turning rough in texture or “ bleeding ” badly before they 
have been dispensed. The cost of the ingredients of fruit ices is low 
compared with those of ice cream. During the present “ get thin ct 
any cost ” fad, there is a remarkable opportunity to expand the market 
for these refreshing and healthful products. The formula for a basic 
mix is given and fully discussed on page 23. In the directions that 
follow for the use of the various fruits, the quantities of fruits recom- 
mended are to be mixed with a sufficient quantity of the basic mix to 
give 5 gals. before freezing. The total acid of the mixture before freezing 
should be within the limits specified for water ices on page 24. 

Fruit ices are usually frozen to yield not over 35 per cent overrun. 

1. Fresh Apricot Ice——Fresh apricots, prepared as described for ice 
cream, are suitable for apricot ice, but should be rubbed through a 
screen to remove pieces of skin and coarse fiber before being added to 
the basic water ice mix. Use approximately 12 lbs. or about 6 qts. of 
the apricot pulp and enough basic mix to give 5 gals., 1.e., about 25 per 
cent by weight of fruit as calculated upon the total weight of fruit and 
mix. 

2. Fresh Blackberry Ice-——Blackberries are better for use in water ice 
than in ice cream. To 12 lbs. of berries, add approximately 4 lbs. of 
sugar. Heat to boiling, stirring for about three minutes. Rub through 
a screen to remove most of the seeds. Add sufficient basic ice mix to 
give 5 gals.; i.e., use about 25-26 per cent of the prepared fruit, based 
on total weight of fruit and basic mix. 

3. Fresh Cranberry Ice—Cranberry ice is popular during the holiday 
season, either in brick form with vanilla ice cream and orange ice, or in 
bulk without admixture of other creams or ices. To 12 lbs. of the berries, 
add about 13 gals. of boiling water; allow to stand for two minutes, then 
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discard the water. This is to remove bitterness. Add another equal 
quantity of hot water and 3 lbs. of sugar, and boil until the berries are 
soft. Rub the berries through a colander or sieve. Add water ice basic 
mix to give 5 gals. this is equivalent to about 25 per cent of the prepared 
fruit in the final mixture. 

4. Currant Ice—Currants may be used as described for blackberries. 

5. Fresh Grape Ice.—Eastern varieties, such as the Concord or 
Pierce Isabella, are best because of their pronounced flavor. A 
mixture of equal parts of Muscat, for flavor, and of red wine grapes, 
such as Alicante Bouschet or Zinfandel, may be used. Crush the grapes. 
Heat the mixture to 175° F. Strain at once through a sugar bag. Use 
6 qts. of the juice with basic mix to give 5 gals., i.e., use about 25 per 
cent by weight. If the grapes are not thoroughly ripe, some sugar may 
be needed. 

6. Fresh Lemon Ice.—Extract the juice as previously described for 
use in ice cream. To prepare 5 gals. of lemon-ice mix, take 3 pts. of 
lemon juice, add 3 lbs. of sugar and enough basic mix to give 5 gals.; 
i.e., about 73 per cent of lemon juice by weight. The proportion of lemon 
juice can be varied considerably. Add yellow color; if the flavor is 
too faint, add a very small amount of lemon extract or lemon oil. 

7. Fresh Loganberry Ice.—Proceed as with blackberries or use 6 qts. 
of juice sweetened with 4 lbs. of sugar and added to sufficient basic mix. 
to give 5 gals.; that is, use about 25 per cent of juice by weight. 

8. Fresh Orange Ice.—To 6 qts. of orange juice extracted as directed 
for ice cream, add sufficient basic water-ice mix to make 5 gals.; 1.e., use 
about 25 per cent of orange juice by weight. 

9. Fresh Peach Ice.—Peel and pit as for ice cream. Use only highly 
flavored varieties. Then proceed as with apricot ice, adding color if 
needed. 

10. Pineapple Ice——Canned crushed pineapple is better than the 
fresh fruit. See page 18. 

11. Fresh Plum Ice.—Damson, Satsuma, Grand Duke, Blue Diamond, 
and other varieties of deep-red or black color are very satisfactory in 
water ices. 

Crush the plums. Add to 10 lbs. of plums about 1 gal. of water. 
Boil four to five minutes. Strain through a sugar bag. To each gallon 
of juice, add 3 lbs. of sugar. To 6 qts., add sufficient water ice mix to 
give 5 gals.; owing to the added sugar, this will be about 27-28 per cent 
of the sweetened juice by weight. 

12. Fresh Raspberry Ice.—Proceed as with strawberries. 

13. Fresh Strawberry Ice-——Crush 10 lbs. of ripe berries of deep-red 
color. Add 3 lbs. of sugar and stir until dissolved. If not very finely 
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ground, rub through a sieve or colander. Add basic ice mix to give 
5 gals. 

14. Fresh Cherry Ice.—Use soft-ripe, sour, red or black cherries. 
Crush thoroughly the flesh and a few of the pits. To 10 lbs. of the 
cherries, add 3 lbs. of sugar. Heat to boiling for three to four minutes. 
Strain through cheese cloth or sugar bag and press out all Juice possible. 
Add basic ice mix to give 5 gals. 

Preservation of Fruits by the Cold-pack Method.—Most fruits can 
be preserved with practically all of their fresh color and flavor if they 
are stored in sealed containers at a freezing temperature. In commercial 
practice, barrels have been the principal containers for frozen fruits. 
From the standpoint of economy, they are superior to other vessels; 
but from the standpoint of quality of product and convenience to the 
ice cream maker, they are inferior to enameled cans of gallon or No. 10 
size. 

The barreling of berries, particularly strawberries, has become a very 
important industry and one of the chief sources of supply for the ice 
cream industry. The Pacific Northwest and the Watsonville district 
in California are important centers where this practice is followed. The 
cold-packing of strawberries will serve to illustrate the usual commercial 
process, which can be readily applied in the ice cream factory. 

1. Cold-packing of Strawberries.—Strawberries are grown principally 
for the fresh market and for the preserve industry. For this reason, it 
is only during the peak of the season (in California there are two seasonal 
peaks) that berries are sufficiently abundant and cheap for cold-packing. 

Strawberries for cold-packing for the ice cream trade should be of 
deep color and good flavor and, if possible, relatively free from hollow 
centers. The Marshall is typical of the most desirable varieties. 

Industrially, cold-packing is conducted in or adjacent to commercial 
refrigerator warehouses, although it is often a separate enterprise. 
Several fruit-canning and preserving plants in the Pacific Northwest 
also prepare and distribute large quantities of cold-pack berries. There- 
fore, the ice cream trade has available a large supply of barreled berries 
and need not engage in the business of cold-packing to obtain the fruit 
needed. However, many ice cream factories are located in berry dis- 
tricts and can often buy fruit to advantage during the season and 
store it until needed. In addition to a saving in cost, there will be, if the 
storage is properly maintained, an improvement in quality, as long ship- 
ment and prolonged storage sometimes cause loss of color and flavor in 
the commercial pack. Frequently the commercial or “ jumbo ” pack is 
of poor quality, made up largely of injured and surplus berries from the 
fresh market. 
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For those ice cream makers who may wish to cold-pack berries for 
their own use, the following procedure may be recommended. 

Use only fresh and sound berries free from visible injury or decay. 
Remove stems. Rinse berries in cold water and drain. Pre-chill berries 
in storage room before packing. Remove one head from a paraffined 
barrel or keg by loosening the hoops. For the average factory, 10-gal. 
kegs or 25-gal. barrels are often more convenient than 50-gal. barrels; 
the berries in the latter may darken or spoil after the barrel is opened if 
all the fruit cannot be utilized promptly. 

Weigh enough berries to fill the barrel or keg, and one-half as much 
sugar as of berries. Place a shallow layer of sugar in the bottom of the 
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barrel and add about twice its weight of berries; then alternate layers 
of berries and sugar. In this manner, fill the barrel to within about 
1 inch of the chime with berries and sugar, finishing with a layer of sugar. 
Rock the barrel back and forth vigorously while filling, to compact the 
fruit and sugar and thus exclude air as far as possible. Insert the head 
and drive the hoop into place. Roll the barrel at once into the hardening 
room at not above 15° F., preferably at a temperature of 10° F’. or less. 
As a safety precaution, it is advisable to bore a {-inch hole in the head 
to serve as a vent should the fruit ferment before it cools to the cold- 
room temperature. 

Small kegs will cool quickly without danger of spoiling, but in 50-gal. 
barrels the center of the mass cools very slowly, and if the fruit, sugar, 
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and barrel are warm, fermentation may occur before a preserving 
temperature is reached. It is advisable, therefore, to chill the stemmed, 
washed fruit and the sugar at 32° F., in dishpans or in ice cream brick 
pans for several hours before packing, if all danger of fermentation is 
to be avoided. 

A very satisfactory container is the No. 10 fruit can, as it cools 
quickly in cold storage and is easily handled. For berries, cans that are 
enameled inside, i.e., coated with a special lacquer, should be used. 
The enamel prevents contact of the berries with the tin. Satisfactory 
hand-power sealers are obtainable for about $20 each. A convenient 
method of packing the fruit into the cans consists of first mixing two 
parts of fruit, by weight, with one of sugar, in a large container such as a 
copper kettle or large dishpan, and packing the mixed berries and sugar 


Fic. 32.—Desirable Type of Double Friction Seal Five-gallon Can; Lacquered 
Inside and Out, for Storage of Cold Pack Fruits and Berries. 


into the cans and sealing tightly. Friction-top cans that require no 
special sealing device, such as are commonly used for corn syrup, can 
also be obtained. 

A convenient container is an ordinary 5 or 10-gal. ice cream can. 
It should first be coated on the inside with melted paraffin. The berries 
and sugar in a 2: 1 ratio should be mixed as they are packed tightly 
into the can, to within about 2 inches of the top. The can should be 
placed at once in the hardening room and, when the fruit has hardened, 
a layer of water poured on the surface to form an air-tight seal of ice 
which protects the berries against browning by the air. Milk cans may 
be used similarly. 

Berries for the preserving trade are often packed with an equal 
weight of sugar; these are rather too sweet for use in ice cream. If 
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packed with less than 1 part of sugar to 2 of berries, there is some 
. danger of spoiling. 

The temperature of the cold room must be maintained at a low 
point, preferably below 15° F. Any temperature below this, even below 
0° F., is satisfactory. 

Prompt cooling after packing is vitally important; slow cooling 
permits fermentation and may result in complete loss of the fruit. For 
this reason, paraffin-lined cans or other small containers are to be pre- 
ferred to 50-gal. barrels for storage of frozen berries packed at the ice 
cream plant. 

2. Cold-packing of Other Berries—Loganberries, blackberries, rasp- 
berries, cranberries, etc., may be packed and preserved in freezing 
storage as previously described for strawberries. Small containers of 
1-10 gals. capacity, rather than 50-gal. barrels, should be used, in order 
to promote rapid cooling and thus prevent loss by fermentation or 
molding. As with strawberries, prompt cooling and as complete exclu- 
sion of air as is possible are necessary. 

3. Cold-packing of Other Fruits—Thoroughly ripe apricots should be 
pitted and washed and mixed with 1 part of sugar to 2 of fruit. The 
mixture should then be crushed in some convenient manner, thoroughly 
mixed and packed and stored as described for berries. 

Peaches may be peeled as directed on page 71, ground, mixed with 
sugar, and packed in the same manner as strawberries. 

Using Cold-pack Fruits.—The cold-pack fruits should be allowed to 
thaw before use; this can be done conveniently by removing from the 
storage container the amount required for the day’s run and quickly 
melting it in a steam-jacketed kettle. If added in the frozen state to 
the mix, they would remain rough and fill the finished product with ice 
crystals. - 

Use the same quantities, by weight, of the cold-pack fruits in ice 
cream and water ices as directed for the fresh fruits. These quantities 
will in most cases represent slightly less original fruit, but, owing to the 
fact that the cold-pack fruits contain considerably more sugar than the 
prepared fresh fruits, the addition of too large a proportion of the cold- 
pack fruit is apt to cause too great a lowering of the freezing point and 
give too soft a frozen product at the usual holding temperature. 

Preparation of Maraschino Cherries.—The industry uses a large 
quantity of prepared cherries in ice cream. Practically all of these are 
artificially colored and flavored according to the maraschino process. 
Frequently, the ice cream manufacturer can purchase the broken mara- 
schino cherries at such a low cost that, if time and materials are con- 
sidered, it would not be profitable for him to prepare cherries from the 
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fresh fruit for his own use. The process is, however, not difficult, and to 
those who wish to prepare their own cherries the following method can 
be recommended: 

1. Choice of Fruit for Maraschino Process.—Use only white or light- 
pink varieties, such as the Royal Anne or White Republican, etc. Choose 
firm-ripe, not soft-ripe fruit. 

2. Treatment in Sulphurous Acid Brine-—To prepare a satisfactory 
product, the cherries must be stored in sulphurous acid solution for at 
least one month in order to harden the tissues and to bleach the color. 

Remove one head from a clean paraffin-lined barrel, by loosening 
the hoops. Pack the cherries, unstemmed, into the barrel. Put the head 
in place and drive the hoops tightly to make the barrel water-tight. 

Prepare, for a 50-gal. barrel, about 25 gals. of sulphurous acid solu- 
tion, as follows: 


Wa ber cotas eke a ae 23 gals. 
Six per cent sulphurous acid solution.. 2 gals. 
Sale. cede eee ae mata Mirae oe ee ee 10 lbs. 


Fill the barrel completely with this solution, and drive the bung in 
place. Store in a cool room but not in cold storage—in the cold room the 
fruit will freeze and become soft. 

Instead of the above solution, the following may be used: 


WW AUOT es ces Ghee ae aca eee ae oe Se 
Bisulphive oteada 2). o.oo ee eee 3 lbs. 
aber taketh ou rae ek 7 Ibs. 
Citncacia crystals: h-; ae eee 1 lb 


Dissolve all ingredients well; the solution should always be made 
up in a wooden container, never in metal, as it is very corrosive. 

The bisulphite or 6 per cent sulphurous acid solution can be had 
from any chemical supply house or from most ice cream supply houses. 

Store for four weeks or longer before proceeding with the remainder 
of the process. 

3. Purchase of Cherries in Sulphurous Acid Brine—Both imported 
and domestic cherries preserved in 50-gal. barrels in the sulphurous acid 
solution, can be purchased, often at lower cost than the fresh fruit. 
These cherries are generally satisfactory. 

4. Preparing for the Syrup Treatment.—Drain off and discard the 
storage liquid. Remove one head of the barrel. Stem the cherries and 
pit them. Inexpensive but efficient hand pitters are obtainable at any 
hardware stores. 


PREPARATION OF MARASCHINO CHERRIES 79 


Next follows boiling to remove all taste of the sulphurous acid and 
salt. Place the pitted cherries in a copper, aluminium, or glass-lined 
kettle and add water to cover generously. Boil vigorously for five 
minutes. Drain off and discard this water. Cover again with fresh 
water. Boil five minutes and discard the water. Repeat at least once 
again, preferably twice, that is, until the cherries are tender and the 
fruit is practically free of “sulphur” and salt taste. Usually, at least 
twenty minutes’ total boiling is required. 

5. Syrup Treatment.—Prepare sufficient syrup of the following com- 
position to cover: 


ERED 2... pa ete nO eae eee 5 gals 
ROUGE. Sena ES ee eer ei a 15 lbs 
WALKIE Acid Cryetals=. .o.ss a. 6 oss ae 5 oz 


Color red to the tint desired. The best color is a mixture of equal 
parts Amaranth and Ponceau-3-R. For this mixture, about 0.1 of 1 per 
cent of the dry colors is needed, that is, for the above amount of syrup, 
about $ oz. of the mixed dry colors. For practical purposes, however, 
merely add what appears to be enough of the red color solution used for 
strawberry ice eream. 

Place the cherries from Step 5 in a kettle. Cover generously with the 
syrup. Boil three to four minutes and then set aside in agate-ware or 
aluminum pans for twenty-four hours. 

The next day, drain off the syrup and measure it. Test it with a 
Balling sugar hydrometer or a Baumé hydrometer, and add and dis- 
solve sugar to bring it to 35° Balling or to 18° Baumé. If a hydrometer 
is not at hand, merely add to each 5 gals. of syrup about 6 lbs. of sugar. 
If more color is required, add it at this time. 

Boil the fruit and syrup together for three to four minutes and again 
set aside for twenty-four hours. 

Then drain off the syrup and add sugar to bring to 40° Balling or to 
21° Baumé, or merely add te each 5 gals. of syrup about 6 Ibs. of sugar. 
Boil as before for three to four minutes. 

Set aside for twenty-four hours. Drain off the syrup and add sugar 
to bring to 40° Balling or 21° Baumé (there will have been a decrease 
during the twenty-four hours); or add about 2 lbs. of sugar to each 
5 gals. or syrup. Also add cherry flavor (or a few drops of bitter almond 
oil) to give the flavor desired. Then proceed with Step 6. 

6. Preserving the Maraschino Cherries——Again heat the fruit and 
syrup to boiling for one minute and pack, scalding hot, in jars. Place 
the rubbers on the jars and attach the caps loosely to permit escape of 
steam during sterilizing. 
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Place the jars at once in a steam box, such as is sometimes used for 
sterilizing milk cans. Turn on the steam gradually and leave for 
twenty minutes. Remove the jars and screw or clamp the lids on 
tightly. 

Another and simpler method is to allow the fruit and syrup to cool 
overnight and then pack it into kegs or jars and store in the cold room 
at 15° F., or less. Tin ice cream cans, zf heavily and completely lined 
with paraffin, can also be used. In this case, after freezing, seal with a 
layer of water over the cherries. If the tin is not well coated with 
paraffin, the cherries may react on the metal with disastrous results. 
For this reason it is not safe to use ordinary tin fruit cans. 

The syrup from the cherries can be used to advantage for flavoring 
and coloring cream and need not be wasted. 

7. Maraschino Cherry Ice Cream Formula.—Every experienced ice 
cream manufacturer has his favorite formula. The following one has 
been used quite successfully: To 45 lbs. basic mix, add 2 Ibs. of ground 
cherries; color and flavor to suit. 

Strawberry and Other Fruit Preserves.*—Fruit preserves for the 
ice cream maker need not be whole; that is, broken or crushed fruit is 
just as satisfactory; therefore, less care and skill are required than for 
preparing preserves for table use. While maraschino cherries are the 
most important of the fruit preserves for the ice cream trade, a con- 
siderable quantity of strawberry and other fruit preserves are used. In 
general, the fresh or the cold-pack fruits are to be preferred to the 
preserves because of their better color and flavor and much lower sugar 
content. 

The general procedure for preparing fruit preserves is as follows: 

Berries are stemmed and washed; other fruits, except apricots, are 
peeled (pitted, if necessary) and coarsely ground. To each pound of the 
prepared and crushed fresh fruit, add 1 lb. of sugar. 

To strawberries and raspberries, add artificial color,.preferably a 
small amount of Ponceau and Amaranth. 

Boil the fruit and sugar to a boiling point of about 218-219° F., or, if 
a suitable thermometer is not available, boil about five minutes. Pack 
and seal, scalding hot, in glass-top fruit jars. Invert to cool, or cool 
and store as cold-pack fruits at 15° F. or lower, as previously described 
for maraschino cherries. 

All berries, canned crushed pineapple, apricots, and highly flavored 
peaches may be made into preserves in this manner. 


8A full description of the preparation of fruit preserves will be found in Cruess, 
W. V., Commercial Fruit and Vegetable Products. McGraw-Hill Book Company, 
New York. 
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Crushed Fruits.—Any soft fruits, such as berries, apricots, pears, 
and peaches, may be crushed, mixed with 1 part of sugar to 3 of fruit, 
by weight, and the mixture boiled three to five minutes and sealed, 
scalding hot—in jars or cooled and stored in suitable containers, as 
described for cold-pack fruits, at 15° F. or lower.. These are used in the 
same manner as cold-pack fruits. 

Preparation and Use of Candied Fruits.s—Broken pieces of candied 
fruit are packed for the ice cream trade by all commercial candied fruit 
factories, and, being a by-product, are obtainable at moderate cost. 

The process of making candied fruit is long-drawn-out, requiring 
considerable skill, but is fully discussed in the textbook listed in the 
footnote. 

Candied fruits are used in such specialties as tutti frutti, parfaits, 
puddings, etc., beg chopped in small pieces before addition to the 
cream. They are also suitable for use in aufait creams. See page 21 
for description of these specialties. 

Preparation and Preservation of Fruit Juices.°—Fruit juices for use 
in ice cream and water ices are best when freshly expressed, but unfor- 
tunately the fruit season is short and it becomes necessary to preserve 
the juice. Three practicable methods are available: (1) by cold storage; 
(2) by pasteurization; and (3) by preservatives. Of these, cold storage 
is the least injurious to the fruit flavor and is also the simplest and least 
expensive from the ice cream maker’s standpoint. 

1. Preservation of Fruit Juices by Cold Storage—The various berry 
juices may be expressed as directed on pages 72-73, for use, fresh, in 
ices. This process consists essentially in heating the crushed berries to 
the simmering point, 175-180° F., and draining through a sugar bag. 
To the juice should be added 1 |b. of sugar to each 2 pts. or 2 lbs. of 

«juice, and the juice should be stored at 15° F., or below, in large demi- 
johns filled only two-thirds to three-quarters full, or in paraffin-lined 
cans or kegs. 

Red grape juice can be prepared in a similar manner. Use Concord, 
Pierce Isabella, or a mixture of equal parts Muscat grapes and a red 
wine variety such as Alicante Bouschet. : 

The containers should be sealed or tightly covered to exclude “ cold- 
storage ”’ odors and flavors. 

Usually, cull citrus fruits may be had at low prices in California 


4For discussion and description of this process see Cruess, W. V., Commercial 
Fruit and Vegetable Products. McGraw-Hill Book Co., New York. 

5A complete discussion of this subject is not feasible in this text; for a more 
complete description of methods, see Cruess, W. V., Commercial Fruit and Vegetable 
Products. 
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during the winter months, and, for those favorably situated, it may be 
profitable to prepare the juice from such fruit and preserve it by cold 
storage for early summer use. 

The juice may be extracted from the halved fruit by means of the 
small, mechanically operated juice extractors described earlier in this 
chapter. It should be strained to remove coarse particles. Add sugar, 
1 part by weight to 2 parts juice. This is about 43 lbs. sugar to each 
gallon of juice: Dissolve the sugar. Place at once in well-paraffined 
milk cans and store at 15° F. or less. When it is well chilled, place a 
layer of water, about 1 inch deep, on the surface, to exclude air. 

Other fresh juices may be preserved as described above. 

2. Preservation of Fruit Juices by Pasteurization—Berry and grape 
juices are easily preserved by heat (pasteurization) in sealed bottles. 
Cirtus juices lose their flavor by such treatment, and should be preserved 
by cold storage rather than by pasteurization. 

To use this method, pour the juices, mixed with sugar, 1 part to 2 
of juice, into crown-finish bottles, to within about 14 inches of the top. 
Seal the bottles with an ordinary home-size ‘‘beer-bottle capper ”’ and 
“beer-bottle caps.’’ Place the bottles in a kettle; cover completely 
with water and heat to 180° F. for thirty minutes. Pour off the water. 
Allow bottles to cool. Store away from the light. 

Bottled juices are on the market at moderate prices, and most ice 
cream manufacturers use these in preference to pasteurizing juices for 
their own use. 

3. Preserving Juices by Benzoate-——Any juice may be easily preserved 
by adding .2 of 1 per cent of sodium benzoate; this is approximately 
12 oz. to 50 gals. of juice. It injures the flavor, and its use in a product 
for ice cream making is not recommended. Its presence must be declared 
on the label of products offered for sale. 

4. Use of Fruit Juices in Ice Cream and Ice.—Juices preserved in 
any of the aforementioned ways are used in the manner described on 
pages 69-72, for the fresh juices. In most cases, about 1} gals. of the 
juice is mixed with basic water ice mix (see page 23 for formula) to 
give a total of 5 gals. On freezing, an overrun of about 35 per cent 
should be obtained. If the juice has been heavily sweetened, use less 
than directed above or use less sugar in the basic mix. 

Fruit Syrups.—Fruit syrups are fruit juices sweetened to the con- 
sistency of a syrup by the addition of cane sugar. To the fresh 
juice is added approximately 8 lbs. of sugar to the gallon. The syrups 
are preserved as described for fruit juices. The best method is by 
storing in the hardening room or other freezing storage at 15° F. or 
lower. In general, the juices, to which less sugar has been added, are 
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preferable to the syrups; and the preparation of syrups, other than 
those of citrus fruits, is not strongly recommended. 

Fruit Concentrates.—These represent the natural juices, concen- 
trated, zn vacuo or otherwise, to a heavy syrupy consistency. Special 
and costly equipment is required, and their preparation in the ice cream 
plant is impracticable unless the plant possesses a vacuum pan. 

They are, however, a convenient form in which to purchase and use 
fruit juices. By diluting most concentrates with about 5 parts of water, 
the composition of the fresh juice is approximated. Orange concentrate 
is, when fresh, excellent for use in ice cream and ices. 


1. Orange Ice with Concentrate——The Dairy Industry Division of the 
University of California has found the following formula satisfactory : 


Orange concentrate... .maéa¢ss-n = 15 o2. 
Fresh orange jalice. =... 6h. of .aes 15 02. 
PANIC OL Pace egg Rc ceey hate ee 10 drops 


Add basic water ice mix to give 5 gals. and color to give desired tint. 


2. Ice Cream with Orange Concentrate. 


Oratige concentrate: .............. 15 oz. 
Wreshvorange jWicess Ac sa no) oe. a 15 o2. 
Orange oil to flavor. eee eG 4010 drops 


Add 45 lbs. of standard mix oe eae as desired. 


Use of Canned Fruits——Some varieties and grades of canned fruits 
are excellent for use in ice cream or ices. These may be purchased for 
less than it wouid cost the ice cream manufacturer to buy and can the 
fruit. It is, therefore, not recommended that he conduct this operation 
himself. 
1. Suitability of Various Grades of Canned Fruits—The grade of 
canned fruit best suited for use in ice cream is the solid-pack pie grade. 
This can be purchased by the case directly from canners or canned-food 
dealers. This grade contains no added sugar or syrup and contains a 
maximum of fruit. It is not only the best grade for ice cream use but 
is the lowest in price. 

2. Ice Cream with Canned A pricots—Grind the fruit from one No. 10 
can of solid-pack pie-grade apricots to a fine consistency. Add during 
freezing to 45 lbs. of basic ice cream mix. This corresponds to approx- 
imately 13 per cent of fruit. 

3. Water Ice with Canned Apricots.—Prepare one No. 10 can of the 
apricots as for use in ice cream, and add sufficient basic water ice mix to 
give a volume of 5 gals. 
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4. Ice Cream with Canned Figs.—Using the solid-pack white figs, 
preferably of Calimyrna variety, grind the contents of one No. 10 can 
to medium fineness and use as described for apricot ice cream. This is 
an excellent cream in every respect and has proved popular wherever 
introduced. , 

5. Crushed Pineapple.—See p. 18. 

6. Use of Other Canned Fruits.—Peaches usually lack flavor, and on 
this account 20 per cent by weight is required; that is, about 13 No. 10 
cans (about 9 Ibs.) of the ground peaches is added to 45 lbs. of basic 
mix. The flavor and texture are improved if the ground fruit is first 
cooked for five minutes with 1 part of sugar to 3 parts of fruit. 

The same considerations apply to solid-pack pie pears. Pear ice 
cream possesses a delicate but very pleasing flavor and should prove 
popular. However, not less than 13 No. 10 cans to 45 lbs. of mix should 
be used. 

The Use of Dried Fruits in Ice Cream.—Some varieties of dried 
fruits are well adapted to use in ice cream. Of these, prunes, figs, 
raisins, and apricots are most suitable for the purpose. Dried fruits 
are not expensive and add very little to the cost of the finished product. 

For example, for prune ice cream, containing 20 per cent by weight 
of prune pulp, the cost of the fruit for 45 lbs. of mix is at present (1927) 
about 40 cents. The 45 lbs. of mix plus the fruit will naturally yield a 
larger volume of cream at 100 per cent yield than will the 45 lbs. of mix 
without added fruit. On this basis of calculation, it is seen that the cost 
of the fruit adds little, if anything, to the cost of the ice cream. Less 
amounts of figs, raisins, or apricots are required than of prunes. 

The fruits will be considered in the order of their importance for use 
in ice cream. 

1. Prune Ice Cream.—Prune ice cream containing about 20 per cent 
of the prepared fruit may be considered a “ health product ”’ as well as 
a specialty for dessert purposes. Some manufacturers find a good 
demand for prune ice cream for convalescents in hospitals. Retail 
dealers could easily develop a demand for such a cream for serving in 
the home to children and in the sick room, because of the well-known 
health value of this fruit. 

It is hoped that canners will soon place on the market canned prune 
pulp containing about 40 per cent total solids, for ice cream use, as this 
product, prepared experimentally at the University of California, has 
proved convenient and very satisfactory for use in ice cream.* It is 
not yet available, however, and the ice cream maker must, therefore, 
prepare his fruit in the following manner. To about 7 lbs. of prunes, add 
approximately 4 qts. of water. Bring to a boil and set aside overnight. 


AutTHor’s Note To Seconp Epition.—Canned prune pulp is now available to 
the trade and has been found to be very desirable for use in ice cream. 
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Boil gently for a few minutes until soft. Put fruit through a colander or 
coarse screen and mix with the water in which it was cooked, or if 
desired, pit the prunes and then grind the pitted fruit. Add 12 lbs. of 
this pulp to 45 lbs. of basic ice cream mix. This gives a cream rich in 
prune flavor and possessing the health value of the fruit. For a cream 
of milder flavor, use 7 lbs. of the pulp to 45 lbs. of basic ice cream mix. 

2. Raisin Ice Cream.—Unfortunately, commercial ice cream makers 
have generally made the mistake of using the Thompson Seedless raisin 
instead of the seeded Muscat. The latter possesses a rich flavor that 
carries well in the frozen product, whereas the Thompson is practically 
devoid of flavor, its principal virtue being its convenience. 

One cannery © in California prepares canned Muscat raisins that are 
ideal for use in ice cream. If these are obtainable, grind 4 lbs. of the 
raisins coarsely and mix with 3 Ibs. of the whole canned raisins. To the 
mixture add 45 lbs. of basic mix. If the bulk raisins are used, add to 
5 lbs. of seeded Muscats (packed without oil coating) 3 pts. of water. 
Mix well. Heat to the simmering point (above 160—-170° F.) in a kettle 
and set aside for about one hour to permit absorption of water. Grind 
one-half of the raisins and leave the remainder untreated. Use about 
7 lbs. of this mixture with 45 lbs. of basic mix. 

3. Dried Figs in Ice Cream.—Dried figs, preferably Calimyrna, 
require the addition of sugar and considerable cooking. While any one 
of several satisfactory methods can be used, the following has been 
found the best of those tested by the University of California: 


Ped NOS eee oe race Ege horas en Ske 2 lbs 
SUGAT ane eeNrrto cane stem te teat 13 lbs 
ih SER HS eh ere Re ee aS ge EE about 3 qts. 


Soak fruit in water overnight. Then add sugar. Cook gently until 
tender—one hour or longer. The finished weight should be about 6 lbs.; 
if less, add water; if more, boil off excess water. Grind to medium 
fineness. Add to 45 Ibs. of basic mix. 

The cooked whole figs, if desired, may be cut in half and used in the 
preparation of an aufait. 
| 4. Dried Apricots in Ice Cream.—Ilf{ canned sond-pack pie-grade 
apricots are not available, the dried fruit may be used. 


DricelmamriCOL erm mt tite Set cries 13 lbs 
RLU Figs Nie! oh hea 5 <a tn eee ENN a a 1 lb 
VT CTEOME ee Eeeeterey Co ycs8 osc, Syst see About 3 qts. 


6 The Kings County Packing Co., Armona, California, 
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Soak fruit in water overnight. Add sugar. Cook slowly until soft, 
adding more water during cooking if needed. Bring total weight to 
about 6 lbs. by boiling off surplus water or by adding water, as the case 
requires. Grind and add to 45 lbs. of basic mix. 

Other Frozen Desserts with Fruit. 

1. Nuts in Ice Cream.—The choice, preparation, and use of nuts in 
various types of ice cream is fully discussed on pages 60-64. 

2. Aufait.—See pages 16, 21 for definition and formula; this is an excel- 
lent medium for larger pieces of candied fruit and firm fruit preserves. 

3. Puddings.—Nesselrode, Plum, Manhattan, and Oriental pud- 
dings are fully described on page 20. Candied, dried, and preserved 
fruits and nuts are suitable for use in these specialties. 

4. Lacto with Fruits—For description and formula, see page 21. 
Some fruits, particularly the fresh, may be used in lacto. 

5. Frappé with Frut—This is only partially frozen, and for this 
reason fruit pulps and some fruit juices may be added to advantage. 
Banana, pineapple, strawberry, apricot, and finely sieved prune pulp 
are suggested. 

6. Punch.—Punch is an excellent outlet for highly flavored fruit 
juices such as loganberry, orange, and grape. Other liquids permitted 
under the Volstead Act may be added to suit the case. 
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CHAPTER V 
INGREDIENTS OF THE MIX 


THE material in this chapter is treated from two different angles. 
In the first part the multiplicity of the sources of the ingredients is dis- 
cussed, while in the second, the structural and chemical nature of the 
products is considered. 


BUTTERFAT 


Milk.—The primary source of fat in ice cream is milk, for which no 
substitution should ever be allowed. Milk is concentrated in various 
ways for economical handling in the manufacture of ice cream. The 
10 per cent or more butterfat usually contained in ice cream is derived 
in part directly from milk. Additional fat is obtained from cream, sweet 
butter, salted butter, condensed whole milk, or butter oil. Milk is dis- 
cussed elsewhere in detail (page 101). Since it contains butterfat in 
varying amounts, the percentage of fat should be definitely known in 
the calculation and purchase of milk. (See Testing for Fats, page 267.) 

A definite relation exists between the fat and the solids-not-fat in 
milk. This is shown in Table XIV, page 102. When the percentage of 
fat in milk is known, the percentage of solids-not-fat can be seen at a 
glance. 

Cream.—The greater portion of the fat in ice cream is derived from 
~ eream. The rich, creamy flavor is due to the amount of fat in the 
product. The definite percentage that will produce this desirable flavor 
is somewhat in question. It depends a great deal upon the amount and 
quality of the other ingredients present, as well as upon processing meth- 
ods. Some experimental work has been done in an attempt to determine 
the consumer’s preference. If this work is to be considered seriously, 
10-12 per cent of fat will, under proper economical conditions, produce 
a cream equal to a 13-14 per cent one, but as soon as 15-16 per cent fat 
has been obtained, the flavor of the additional fat begins to stand out. 
In a strictly catering cream, fat contents above 16 per cent should be 
maintained. The quality of the cream and milk plays such an important 
part in the resultant flavor of the ice cream that every effort should be 
made to secure the best available cream. Clean-flavored cream with no 
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more than 0.15 per cent acid is the best possible source of butterfat for 
ice cream. 

Cream should be purchased on the percentage of fat it contains. In 
addition to the fat, it contains, however, a certain amount of milk 
solids-not-fat, which must be taken into consideration in the calculation 
of the mix. Cream is undoubtedly the best source of fat and is to be 
preferred where conditions will permit. When cream is not available, the 
fat must be secured from some other source, usually sweet butter. 

Sweet Butter.—Butter containing no salt is usually’ called sweet 
butter. It is usually a sour cream product, though it may be made from 
sweet cream. Salt brings out both good and bad flavors in butter. 
Without the presence of salt, off flavors are not so noticeable in the 
freshly frozen product. A period in storage, however, may bring them 
out in the ice cream. 

Sweet butter as a source of fat is not objectionable, and its use should 
be permitted if the quality is right. There are times when sweet cream 
cannot be purchased and there are localities where the best quality 
cannot be obtained. Sweet butter, being less perishable than sweet 
cream, offers, therefore, a sanitary and economical source of fat. Since 
it varies greatly in composition, sweet butter should be purchased 
entirely on quality and fat content. Because of its large percentage of 
fat, usually from 83 to 85 per cent (and there have been cases where 
the fat content varied from 72-90 per cent), its composition must be 
checked carefully, both before purchase and before use. Besides fat, 
sweet butter contains a varying amount of moisture and approximately 
1.5 per cent of other ingredients (curd, ash, lactose, and acid). It is 
generally purchased in the spring during the flush butter season, for use 
later in the year when the cream supply has decreased. It should be 
stored in the hardening room, which is near 0° F., to insure against 
deterioration. 

Butter Oil.—Butter oil, as manufactured, is usually put up for the 
trade in 5-gal. cans. Prepared and sold in this way, it is usually too 
expensive for use in ice cream, though it does make, when properly com- 
bined and processed, a product of good grade. Butter oil can be pre- 
pared very satisfactorily, in cases of emergency, from good salted butter. 
The method is to place the butter in a double-jacketed kettle and add 
hot water. Heat is applied slowly until the temperature has reached 
115° F. It is stirred and allowed to stand for a few minutes. As the 
butter oil is now floating on top, the curd, salt, and water may be drawn 
from the bottom. More hot water, not exceeding 140° F., is added and 
stirred in. When this rinse water is drawn off, a very satisfactory butter 
oil remains. 
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CONDENSED PRODUCTS 

It is necessary, as has already been stated, to build up or reinforce 
the milk solids-not-fat in ice cream in order to obtain a more palatable 
as well as a more nutritious product. This is done with some one of the 
following: condensed whole milk, condensed skim milk (either of these 
may be sweetened), or dried skim milk. Federal Standards require 
sweetened condensed milk, sweetened evaporated milk, and sweetened 
concentrated milk to contain 8 per cent milk fat and 28 per cent total 
milk solids. 

Sweetened Condensed Milk.—Sweetened condensed milk contains 
all the constituents of fresh milk and, in addition, sucrose, which totals 
about 42 per cent in the finished product. For ice cream purposes, it is 
necessary to know the exact percentages in order to calculate a mix of 
the proper composition. 

Hunziker! gives the following average composition of sweetened 
condensed milk, based upon a large number of analyses of the com- 
mercial brands: 


Per Cent 

WALCISSL rotten eines ele toa sas 5 oe XS), 5) 
Proteins..... 8.5 | 
Fat Se ota ae OR a 9.0 32 6 
Milk sugar. >... 13.3 
JN Cee SAN hen ae ee A 1.8 | 
SU CKOSCRE MMe tor rae ree 40.9 

100.0 


Sweetened condensed milk is not used as frequently as either 
sweetened or unsweetened condensed skim. Sweetened condensed skim 
should be manufactured from properly pasteurized skim milk of good 
* quality. The acidity of the skim milk before condensing should not 
exceed 0.18 per cent. Some plants make a practice of reducing the 
acidity to 0.18 per cent with sodium bicarbonate when necessary. This 
practice is not to be looked upon with favor, and undoubtedly is abused. 
Nevertheless, there are times, when, under the guidance of trained 
people, its use would be beneficial. 

Condensed Skim.—Many of the larger ice cream manufacturers are 
finding it economical and advantageous to make their own condensed 
skim. 

The equipment required consists of a vacuum pan with boilers of 
adequate capacity, a forewarmer, and cooling tanks. Less expensive 
apparatus for concentrating at atmospheric pressure is sometimes used. 


1 Hunziker, O. F., Condensed Milk and Milk Powder, 1920, p. 201. 
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Condensed skim is usually concentrated to 28-32 per cent milk 
solids, giving a yield of approximately 314 Ibs. from each 100 lbs. of skim 
milk. The cost of manufacture is estimated at 25-30 cents per hundred 
Ibs. of raw milk. The product 
sells for 9-11 cents per lb. of 
solids. Assuming a yield of 313 
Ibs., containing 32 per cent solids, 
with a manufacturing cost of 30 
cents per hundred and a selling 
price of 10 cents per pound solids, 
there is a return of 71 cents per 
hundred for skim milk. Skim 
milk is usually condensed to 32 
Fig. 33.—Showing Lactose Crystals in eye US VOLO) Thee loe 

Pisin Condensed sium Niles bile Ot about as concentrated a product 

as possible without the formation 

of lactose crystals. Furthermore, in supplying the market, as little water 

should be shipped as possible. Condensed skim is quite perishable and 

should be given the same care and attention as pasteurized milk. It 

requires immediate cooling from the condensing pan and cold 
storage. 

All of the condensed products should be bought on a solids basis, 
and, if fat is included, it should be given consideration also. Solids are 
the important consideration to the ice cream manufacturer. Many 
plants buy on the gallon basis, which is a satisfactory one if a reliable, 
standardized product can be obtained. 

Sweetened Condensed Skim Milk.—There is a considerable demand 
for sweetened condensed: skim milk by ice cream makers, confectioners, 
and bakers. The equipment required for manufacturing this product 
does not differ essentially from that used for the unsweetened condensed. 
Sweetened condensed should be cooled slowly, but immediately, upon 
being drawn from the condensing pan, to prevent crystallization of the 
sugar and the resulting sandiness. No harm will come from this sandi- 
ness if the entire mix is pasteurized, as it should be, and the entire 
barrel of the condensed product is used at once. Unless the portion left 
over is well mixed each time, the lactose content of that remaining at 
the bottom of the barrel is likely to exceed the maximum, especially if 
this part goes into a small mix. ‘ Seeding” the sweetened condensed 
skim, when cooled to 70° F., with finely ground lactose crystals, holding 
for a few minutes, and then completing the cooling, will practically 
prevent the settling of lactose. If fine-mesh lactose is not available or is 
too expensive, crystallized lactose in the bottom of a barrel of sweetened 
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condensed could be used. It is best to grind these crystals with a 
colloid mill. 

The market usually calls for a product containing 72 per cent of total 
solids, of which about 42-45 per cent is sucrose. The percentage of 
sugar in the finished product may be varied within certain limits, but 
must not be below the concentration required to prevent the growth of 
microérganisms. : 

When the finished milk sells for more per pound than the cost of the 
sugar, there is a tendency to increase the sugar content. On the other 
hand, if the value of milk solids is less than that of sugar, there is an 
opposite tendency. 

Sweetened condensed, if properly made and stored, keeps almost 
indefinitely. It is usually shipped in paraffined oak barrels, of about 
600 Ibs. capacity. These barrels cost between three and four dollars 
each. 

The cost of manufacturing will also be about the same as for the 
unsweetened product, plus the additional cost of the sugar, which is 
usually added at the rate of 18 lbs. of sugar to each hundred pounds of 
skim milk. It is usually considered profitable to make sweetened skim 
when the market price per pound equals or exceeds the cost of sugar 
per pound. 

Dry Skim Milk.—Dry skim milk contains 97 per cent food solids. 
It is prepared in powder or flake form. Skim milk powder contains 
38 per cent protein, usually little more than 50 per cent lactose (milk 
sugar), 8 per cent mineral matter, a trace of fat, and 3 per cent moisture. 
Cavanaugh, Dutcher, and Hall? found the quantity of vitamins A and 
B in skim-milk powder practically equal to that present in the milk 
from which it was made. 

The value of the skim milk solids, or milk solids-not-fat, cannot be 
overestimated. In fact, in considering the value of dairy products, it is 
believed that the fat has been given a rating too far above the other 
solids in milk. The mineral matter, calcium, phosphates, and other 
salts are in a particularly desirable form for building bones and teeth 
and should therefore be adequately supplied to the growing child. Ice 
cream supplies in the most palatable form more of these ‘constituents 
than does any other of the dairy products. Nutritional experts are 
rightly giving the mineral content of our diet more and more attention. 

Dr. Sherman,? of Columbia University, says: ‘American dietaries 
are probably more often deficient in calcium than in any other chemical 
element.”’ It is known that certain functions of the body are not always 


2 Industrial and Engineering Chemistry, Vol. 16, No. 10, p. 1070. 
3 Sherman, H. C., Food Products, p. 23. Macmillan Company, 1924. 
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rightly performed if the diet does not supply a proper balance between 
the calcium and phosphorus. 

This source of milk solids-not-fat offers a safe supply for ice cream, 
and if the proper care in processing and selecting the powder is taken, a 
very good quality of ice cream can be manufactured—certainly a 
product far superior to one in which no additional solids have been 
added. Many small ice cream manufacturers are not adding additional 
skim-milk solids. This is a mistake and undoubtedly lessens the con- 
sumption of ice cream. Skim milk and additional solids in a more con- 
centrated form can be economically utilized in ice cream along with 
cream and butter. 

Dry skim milk is a relatively new product that is already used in 
large quantities by bakers, ice cream makers, and confectioners. War 
conditions resulted in over-production, which has for a time demoralized 
the market; but as the value of this product is better understood, there 
is no doubt that the steady growth of the industry will be resumed. 

The powder selected should be soluble, of a light color, and free from 
burned particles. 

The yield of powder will vary from 8 to 94 lbs., depending on the 
solids in the milk, the efficiency of the process used in recovering the 
powder, and the amount of water left in the product. 

Superheated Condensed and Unsuperheated Condensed Skim.— 
Superheating means the heating of the condensed skim in the pan with 
live steam, to 185° or 190° F. The process undoubtedly coagulates the 
albumin and, of course, as some steam is condensed, reduces the per- 
centage of total solids. Tracy* studied the effect of superheated con- 
densed skim in ice cream on the following properties: (1) viscosity, 
(2) yield, (3) texture and body, (4) resistance, (5) flavor, (6) heat resis- 
tance. Superheated condensed skim gave the ice cream mix more vis- 
cosity and approximately 10 per cent higher yield. 

The samples of ice cream made from the superheated skim had 
heavier body and a smoother texture, and were more resistant to heat. 
Moreover, the superheated condensed gave the ice cream a cooked and 
undesirable flavor. The work done by the authors, paralleling the work 
of Tracy, leads to the general conclusion that superheating is not only 
valueless but, as a matter of fact, undesirable. Good skim milk, properly 
pasteurized (not exceeding 158° F.), drawn to the pan and condensed 
under 26 inches of vacuum, gives the best results. 


4Tracy, P. H., Ice Cream Review, April, 1923. 
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SUGARS 


Sugars (all kinds) are one of the chief ingredients of ice cream. The 
content ranges from 15 to as high as 24 per cent of the finished mix. 
Sugars represent almost half of the total solids in ice cream as it is made 
to-day. When properly used, they play a three-fold part in the improve- 
ment of ice cream, namely, in palatability, texture, and food value. 
Obviously, without sugar, the ice cream would lack sweetness and 
palatability. Sugar improves the texture of ice cream by increasing the 
total solids. Any increase in solids in the mix smooths the body by a 
partial fixing of the free moisture. This is pointed out by Davis,® 
Dahlberg, ® and others. As a source of fuel, sugar is extremely econom- 
ical. At 6 cents a pound, it provides 100 calories of energy for one-third 
of a cent. At present, it furnishes about 13 per cent of all the energy 
obtained from food consumed by the pecple of the United States. The 
average per capita consumption for the United States is over 100 Ibs. a 
year, or 2 lbs. a week. Sugar provides none of the nitrogenous material, 
mineral substances, or vitamins needed by the body; these are supplied 
by the other solids in ice cream. 

Of all the foods, the sugars probably are the most soluble in water 
and, in addition, are highest in food value. For the most part, they are 
characterized by sweetness. There is, however, considerable variation 
in the sweetness of sugars. Those occurring commonly in ice cream 
belong to the saccharose group, having the composition Cy2H22011. 
The most important are sucrose (beet and cane sugar), lactose, and corn 
sugar (dextrose) CeH120¢. 

Cane sugar has in the past been used more than beet sugar. It has 
a specific gravity of 1.595. Sucrose is extremely soluble. Even cold 
water will hold in solution twice its weight of sugar. United States 
Standard sugar is white, containing at least 99.5 per cent sucrose. It 
often contains 99.9 per cent, and in commercial practice is rightly 
considered 100 per cent. Beet sugar is usually cheaper than cane. 
Turnbow and Spilman’ found that beet sugar was equal to cane in the 
manufacture of ice cream, as far as flavor, body, and texture were con- 
cerned. Beet or cane sugar depressed the freezing point to the same 
extent; the time required for the ice cream to melt was equal for the 
same per cent, all other factors being equal. The Indiana Station has 
prepared a table showing the degree of depression of the freezing point 
by sucrose. 


5 Davis, L. M., Calif. Agr. Exp. Sta., Report, 1916, p. 48. 

6 Dahlberg, A. C., Tech. Bul. 111, New York Agr. Exp. Sta. 

7 Turnbow, G. D., and Spilman, H. A., unpublished data, Univ. of Calif. Agr. 
Exp. Sta. 
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Errect or Sucrose on FreEzING PoInt 


Freezing Damian: oy Cent | Per Cent ates 
Point, Ry Total Serum ae 
xe mugen’ | Solids | Solids 
—2.0 12.0 33.4 12.2 8.3 
—2.4 14.3 35.1 11.8 8.0 
—2.7 ils 36.3 11.6 7.9 
—3.0 IH let 36.4 1173 exe 
—3.6 19.2 39.2 id le 


Fig. 34.—Sucrose Crystals. 


Since an increase of approximately 7 per cent in sucrose lowers the 
freezing point 1.6° C., it is natural to expect that the time required to 
freeze the mix, to the point where the brine is shut off, will be longer. 
This part of the freezing process requires approximately forty-five 
seconds longer for each 2 per cent increase in sugar. A cold brine 
(0 to —5° F.) is necessary for an ice cream especially high in sugar. 
Any substance that goes into true solution in the mix lowers the freezing 
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point. Likewise, it increases the viscosity (see Viscosity). Sucrose 
ferments with difficulty in concentrated solutions and has the power of 
retarding the growth of bacteria. It is used in ice cream mix at the rate 
of 12-15 per cent. 

Lactose (Cy2H22011 + H2O): Milk Sugar.—This sugar comprises a 
little over 50 per cent of the solids-not-fat in milk. It affects the vis- 
cosity of the mix to some extent, and lowers the freezing point. There 
is usually less than 6 per cent of it in the mix. This sugar in limited 
amounts (6 parts sugar to 1 part cold water) is soluble in water. Its 
specific gravity is 1.525. It is high in food value, and recent investigators 
are claiming medicinal value for it. In the souring of milk, the 8. Lactis 
and certain other microdrganisms bring about lactic acid fermentation 
by transforming the lactose of the milk into lactic acid. Lactose 
depresses the freezing point, as is shown by Parfitt and Taylor® in the 
following table: 


TABLE IX 


Errect or Lactose oN FREEZING Point 


Freezing PeeCent Per Cent oO Cent Pee Cent 

Point, ipa Total Serum Fat 
Cc: Solids Solids 

—2.0 6.2 33.4 12.2 8.3 
—2.2 9.2 35.4 14.8 8.0 
—2.4 10.9 36.8 16.6 7.9 
—2.7 12R7, BY Ill 18.3 Ut 
—3.2 15.6 40.1 21.0 7.4 


The ice cream manufacturers, recognizing that an increase in solids 
in the mix gave a corresponding increase in quality in the finished cream, 
accordingly increased the solids, especially the milk solids-not-fat, until 
defects began to appear which are now called “sand.” 

A great deal of experimental work has been done by Bothell, 
Zoller,!° Purdue University Agricultural Experiment Station,!! 


8 Parfitt and Taylor, Journal of Dairy Science, Vol. 8, pp. 230-7, May, 1925. 

9 Bothell, F. H., Proc. 5th Ann. Convention, Pacific Ice Cream Mfgrs. Assoc., 
Portland, Ore., pp. 121-125, 1920. 

10 Zoller, F. H., and Williams, O. E., Sandy crystals in ice cream, their separation 
and identification. Jour. of Agr. Res., Vol. 21, pp. 791-796, 1921. 

11 Purdue University Agr. Exp. Sta., 33d Ann. Rep., Lafayette, Ind., 1920. 
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Evans, !? Williams, !*, Dahle, !4 Leighton and Peter,!° and others. The 
cause of sandiness has been established beyond any doubt. The follow- 
ing extract is taken from the Proceedings of the World’s Dairy Congress :'° 


Hallimond has given a most excellent exposition of the theories of 
crystallization, with especial reference to the supersaturation theories. 
He points out that there are three main principles which must be taken 
into account in a theory of crystallization: 

“The first concerns the existence, below the ordinary solubility curve 
for each constituent, of a range of temperature and concentration within 
which crystallization is only initiated upon the introduction of a suitable 
nucleus. The second is that the rate of growth of a crystal at first 
increases as the temperature falls below that of equilibrium (saturation) 
and then diminishes when a certain degree of supercooling is exceeded. 
The third is that the redistribution of heat and of dissolved matter, 
consequent on and essential to solidification at the surface of a growing 
crystal, is governed by gradients of temperature and concentration which 
depend in their turn upon the respective coefficients of heat conductivity 
and of diffusion.” !” 


The continued growth of a crystal is conditional on the maintenance 
of a supply of material by diffusion, and on the dissipation of the latent 
heat developed during crystallization. 

According to Leighton and Peter,!® the three factors determining 
the crystallizations of lactose or development of ‘‘ sand” are (1) con- 
centration, (2) temperature, and (8) seeding. . They further state that, 
upon close examination of the solubility and freezing-point curves of 
lactose-water solutions, when the concentration is less than 11.9 parts 
of lactose to 100 parts of water, ice will separate before the solution 
becomes saturated with the sugar. Their own account of their observa- 
tions follows: 


This means that the unfrozen portion of the solution with lowering 
temperature then becomes more saturated with lactose. Theoretically, 
when the temperature of the cryohydric point is reached, ice and sugar 
should separate together; but we have shown that lactose is capable of 
forming highly supersaturated solutions, so in the absence of nuclei we 


12 Hvans, R. D., Thesis for Master’s Degree in Agricultural Biochemistry, Uni- 
versity of Minnesota. (Unpublished.) 1922. 

13 Williams, O. E., Sandy ice cream. New York Produce Review, Vol. 53, pp. 
878-884, March 1, 1922. 

14 Dahle, C. D., Watch for sand. Ice Cream Review, Vol. 6, pp. 22-4, 1923. 

16 Leighton, Alan, and Peter, P. N., Factors influencing the crystallization of 
lactose, Proc. World’s Dairy Congress, Vol. 1, pp. 477-485, 1923. 

16 Vol. 1, p. 480, 1923. 

17 Hallimond, A. F., Jour. Iron and Steel Inst., Vol. 105, No. 1, pp. 359-379, 1922. 

18 World’s Dairy Congress, Vol. 1, pp. 4838-485, 1923. 
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might pass along the freezing-point curve, with a further separation of 
ice and a continued concentration of lactose, into the meta-stable area. 
We might even under suitable conditions pass through a supereryohydric 
point into the labile area without lactose separation. In this case it is 
quite probable that the whole mass would solidify without crystal 
formation, into an amorphous mass. 

Freezing experiments upon lactose-water solutions covering a wide 
range of concentration show that it is actually possible, if nuclei are 
absent, to carry these solutions well into the labile state with the separa- 
tion of ice alone. Lactose solutions of 10 parts of lactose to 100 of 
water may be frozen solid without the visible appearance of the lactose 
crystals. It has been found possible to freeze a solution containing 30 
parts of lactose without the separation of lactose until a few minutes 
after freezing starts. In one instance, as judged by the temperature at 
which crystallization took place, we had a solution containing 70 parts 
of lactose to 100 of water. In a number of instances, even when the 
lactose crystals formed, they were so fine that they could be made to 
pass through a filter paper. 

This brief exposition of the significance of the freezing-point and 
solubility curves serves to show us roughly the conditions which exist 
in ice cream, particularly if the solubility of lactose in the water of an 
ice cream mix is net markedly aifected by the presence of the other 
constituents, and, as far as we know, it is not. A few solubility results 
are given in the following table: 


TABLE X 


Sonustuity oF Lactosm in AN Ick Cream Mrx Contarntne 12 Per Cent Far, 
10 Per Cent Mite souips-Not-rat, 14 Prr Crent Sugar (SucROSE) AND 
0.4 Prk Cent GELATIN : 


Parts of Lactose 
es fo 100. Parts 
C. of Water 
il 13. 54 
8 14.91 
15 16.05 


It is quite evident, then, that, provided there are no lactose crystals 
present in an ice cream mix to furnish nuclei for crystal growth, ice cream 
may be carried well into the labile state. It will also be true that the 
‘tendency of the lactose to crystallize after freezing will be small as long 
as sufficiently low temperatures are maintained. This is in keeping 
with Hallimond’s statement that the tendency to crystallize is lessened 
when a certain degree of supercooling is exceeded. If crystallization has 
taken place, the crystals may be so fine as to escape detection, and they 
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will, of course, not tend to increase in size if low temperatures are 
maintained. With rising temperatures, as the melting point 1s approached 
the tendency to lactose crystallization in either case will increase. We 
thus see why concentration and temperature—the same factors which 
largely control the separation of the milk sugar from ordinary solution— 
are factors in governing the development of sand in ice cream. 


Fic. 35.—Sweetened Condensed Skim Milk. No Effort Was Made to Control the 
Size of the Lactose Crystals. Dil. 0. 


So far we have called attention to the effect of temperature, concen- 
tration, and seeding on lactose crystallization from aqueous solutions, 
endeavoring to show the bearing of this on the separation of milk sugar 
from concentrated milk and ice cream. 

When we are dealing with milk solutions, however, the conditions 
are not so simple as with pure aqueous solutions. The viscosity becomes 
a factor in controlling the rate of diffusion of the lactose to the growing 
crystal. The preliminary treatment of the milk may have been such as 
not only to affect viscosity, but to produce nuclei favoring crystalliza- 
tion. For example, we have already shown that the forewarming of a 
milk can produce nuclei in the form of insoluble salts which may induce 
lactose crystallization in both meta-stable and labile areas, and it is well 
known that forewarming markedly affects the viscosity of both evap- 
orated and condensed milks. 

Lactose does not usually give trouble in ice cream unless the con- 
centration is high (that corresponding to a milk solids-not-fat concen- 
tration of about 12 per cent). 
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The defect of sandiness is characterized by gritty, sand-like sub- 
stances in the ice cream. The crystals are not readily soluble, as is the 
case with water crystals (though neither are desirable) and they make 
the ice cream unpalatable and unsalable. 
Evans studied lactose concentrations at 0° C. His results are 
expressed in Table XI. 


TABLE XI 


CONCENTRATIONS OF LAcTOsE AT 0° C. at DirrerENT AGEs 


Original Lactose Lactose Pe eee 
Lactose Concentration | Concentration i ra 
Concentration | after 48 Hours] after 96 Hours oo naes 
1 to 4 Hours 


of Solution 


of Freezing 


of Freezing 


of Freezing 


Per cent Per cent Per cent Per cent 
5 4.99 4.77 4.92 
LoD 7.49 6.86 7.29 

10 9.68 8.66 9.41 
12.5 11.49 10.27 12.01 
15 13°25 12 aes 12.45 
gf 13.60 13.40 13.84 


Authorities agree that sugars—sucrose, dextrose, glucose, and cane 
sugar—as well as gelatin and the enzymes sometimes used (see Aging 
of Mix), have no effect on preventing lactose crystallization. 

It is impossible to state a definite percentage of milk solids-not-fat 
at which sand crystals will appear. The percentage of milk solids-not- 
fat must have a definite relation to the free moisture. Dahle states that 
the percentage of lactose in the water-free state cannot exceed 8.7 per 
cent, based upon a total solids content of 36.5 per cent. 

Variation in the holding temperature of the ice cream is conducive 
to lactose crystallization. The more constant the temperature, the less 
likely is the formation of crystals. Ice cream held in dealers’ ice-and-salt 
cabinets, if the mix is not properly constructed, offers the greatest 
possibilities for the formation of crystals. Williams!® illustrates by the 
following table the effect of a variation of temperature on the occur- 
rence of sand. 


19 Williams, O. E., Sandy ice cream. New York Produce Review, Vol. 53, pp. 


878-884, March 1, 1922. 
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TABLE XII 


INFLUENCE or Ho~pinc TEMPERATURE ON THE OCCURRENCE OF SANDINESS * 


Time until Sandiness Time until Sandiness 
Occurred Occurred 
Mix Mix 
Number Number 
insherdopms In cabinet HER al In cabinet 
room 5 room 
Days Days Days Days 
1 19 8 6 On| 10 
2 iC 10 7 26 10 
3 0) 7 8 11 ve 
4 12 uf 9 0 6 
5 10 5 10 15 7 


* World’s Dairy Congress, Vol. 1, p. 509, 1923. 


The hardening-room temperatures varied from —10° F. to +10° F. 
Cabinet temperatures varied from +5° F. to +20° F. It must be 
pointed out that the more constant the temperature, even though it be 
higher than recommended, the less likely is the formation of lactose 
crystals. The higher the holding temperature, the greater the possi- 
bilities of sandy ice cream, all other things being equal. 

Corn Sugar or Dextrose.—Corn sugar may be considerea a by- 
product of the corn industry. In recent years its manufacture has been 
so perfected that now it is supplied to the ice cream industry at a price 
which may justify its use to some extent. It has only about 60 per cent 
of the sweetening power of sucrose. Any increase in solids, as before 
mentioned, tends to produce a smooth ice cream. It is impracticable 
to increase the percentage of butterfat; gelatin should be kept within 
the correct percentage for the purpose for which it is intended, ice., 
stabilization; milk solids-not-fat are limited on account of lactose 
crystallization; sucrose cannot be increased because it makes the ice 
cream too sweet. Therefore, dextrose offers a possibility of increasing 
the total solids without any of the above defects. It does lower the 
freezing point, so that more refrigeration is required. In addition, being 
an invert sugar, it can be used only in limited amounts because of its 
effect upon the body and texture of the ice cream. 

Cerelose increases the viscosity and depresses the freezing point, the 
latter even more than the same amount of sucrose. It absorbs moisture 
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TABLE XIII 


Errect or Corn SuGar (CErELose) upon FrEEzING Pornt * 


é a 
q 5 = = Ela 
> aS ® 
A 43 op S ass) w S| =} nai Zo 3 a 
® 3 x i) 2 ° oS a) Se SO 
2 i a N S = fobs, lal (aies 
=| 2S 5 = = = S = faa} ro Oren A 
=) = =I =| =| =| Bp Oat Sale ae ey 
7, ® o a o o o See 2 & - Orv fe 
oO One oO is) oO Sues a) Sy | Sire = oS = 
4 a ne he Hy Hy Do an |S Ew ESO 
nia o ® o D o as = ® A= | 
A Ay a AY am a ey a SI a 
1 12 10 12 5) 34.34 | 28.094; .000 | 26.06 | 7’ 
2; 12 10 14 soe SOUGDN aie Or le Lome Or S4necA Ore 
3 12 10 15 san) Bf ote) || AAR OS) Bly Oe |) easy 
4 12 10 16 -39 BORO | 20 40 O54 2A A A AG 


* Dahle, C. D., Filling up the gaps in freezing data, Ice Cream Trade Journal, p. 63, March, 1926. 


quite readily, and is very soluble. It contains around 90 per cent solids 
and .06 per cent inorganic matter. Work done by the authors indicates 
that not more than 20-25 per cent of sucrose may be replaced by cerelose. 
Ice cream containing cerelose does not stand up as well as does that made 
from sucrose. Neither sugar will prevent sandiness. As a matter of 
fact, if large quantities of cerelose are used, and if the mix already con- 
tains a percentage of milk solids-not-fat naturally conducive to the 
formation of sand, there is a greater probability of sandiness, since there 
is less free moisture available to keep the lactose in solution. Cerelose, 
being very soluble, naturally absorbs moisture enough for its solution. 
Overrun can be obtained equally as readily with cerelose as with sucrose, 
if a little colder brine is used. 

Invert Sugars.—Several invert sugars and sugar substitutes were 
used during the war, before ice cream was recognized as a food. The 
public is realizing more and more, however, the highly nutritious charac- 
ter of properly made ice cream; it is doubtful, therefore, that any 
substitute for the sugars already discussed in this chapter will be again 
required. 

Structure of Milk.—If the ingredients of an ice cream are properly 
combined, dairy products constitute from 81 to 85 per cent of the 
material from which it is derived. This comparatively large percentage 
comes either from milk or from products which have been manufactured 
from milk. It is of prime importance, therefore, that the manufacturer 
have a clear conception of this vital constituent of the product he makes. 
Table XIV pictures quite clearly the complexity of milk, 
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TABLE XIV 


ComPosITION OF MILK 


Laurin Glycerides 
Olein _} of insoluble } 
Palmitin and non- 3.4 
Stearin volatile 
Myristin acids. Fat 
Butterfat... 3.7 Chars 
Butyrin Glycerides 
Caproin of soluble aes 
Caprylin — and volatile 
Caprin acids. 
Total 
Milk. . 100.90 Casein... .. 2.75 Containing solids 
Lactalbumin. .60 nitrogen... 3.55 12.6 
Lactoglobulin .20 
Millk’sugdrtycnmcc ae ene 4.50 | Solids- 
(Lactose) not-fat 
GitriGia cid yy nas. attesig lon ierelorsce 15 8.90 
Milk serum. 96.3 
Potassium oxide 
Sodium oxide 
Calcium oxide 
Magnesium oxide Ash tievcverese 0.70 
Tron oxide 
Sulphur trioxide 
Phosphorus pentoxide 
Chlorine 
WiahOr.. Scie.c stesso sian gloussal oe arene etenaenscale ole fs ey Metere aie 87.4 
100.0 


Milk, according to Palmer,?° consists essentially of a microscopic, 
dispersion of fat in an aqueous plasma containing molecularly dispersed 
lactose, certain mineral salts, colloidally dispersed proteins, in which 
calcium caseinate and lactalbumin predominate, and a colloidally dis- 
persed calsium phosphate,?! CazH2(POs)2. The important colloids 
of milk, therefore, are calcium caseinate, lactalbumin, and neutral di- 
calcium phosphate. It is not likely that the colloidally dispersed lacto- 
globulin, an alcohol-soluble protein, plays a réle of any importance in 
the physical or chemical structure of normal cow’s milk. The true 
casein content of normal cow’s milk varies from 2.25 to 2.75 per cent, 
depending, of course, upon the breed and various other factors which 
are known to influence the solids in milk. Lactalbumin varies between 
0.5 and 0.7 per cent, while the calcium phosphate comprises slightly less 


20 Palmer, Ind. and Eng. Chem., Vol. 16, p. 631, 1924; also Vol. 2, Proc. World’s 
Dairy Congress, p. 1157, 1923. 

®t Condition of casein and salts in milk, N. Y. Tech. Bul. 39, pp. 8-15; and Jour. 
of Bio. Chem. Vol. 20, p. 135-152, 1915. 
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than 0.2 of 1 per cent of the milk. Inasmuch as pure iso-electric casein 
(pH 4.7) will disperse in pure water to the extent of only 0.01 per cent, 
it has been assumed by some that the high percentage of casein in milk 
is due to the protective action of the lactalbumin. It is possible com- 
pletely to filter out, the use of ultra-filters of relatively iarge porosity, 
the calcium caseinate and calcium phosphate that are found normally in 
colloidal dispersion in milk. 

In Robertson’s?? opinion, the largest possible molecules in casein 
would not be of sufficient diameter to scatter light particles and cause 
the opalescence of casein solutions, particularly those of calcium casein- 
ates. Osborne and Wakeman?? seem to have shown definitely that the 
colloidally dispersed lactalbumin of cow’s milk exists uncombined with 
a base. In its highly hydrated form, it makes an almost water-clear 
solution when freed from the casein and can be easily dehydrated and 
coagulated by heat. Palmer indicates that the lactalbumin is in a very 
highly dispersed state, probably more so than the other two important 
colloids of the plasma. 

The factors that determine the stability of the colloids in ice cream 
have not been thoroughly studied. Undoubtedly, a knowledge of these 
underlying factors would aid materially in stabilizing the structure of an 
ice cream and thus constitute one step in controlling the weight per 
gallon. 

The gold number, as usually referred to, is not applicable in the case 
of casein. Zsigmondy has assigned a gold number of 0.01 to casein. 
This was determined for an ammonium sol. Ammonium caseinate does 
not exist in cow’s milk. 

It is very possible that lactalbumin plays a far more important part 
in stabilizing than it has been given credit for. A thorough study should 
be made of the calcium caseinates and the calcium phosphates in 
stabilizing colloidal casein compounds. The action of salts on colloids 
and their effect on the stabilizing of the emulsoid sols is quite well 
known. Inorganic ions exist abundantly in milk and, therefore, have a 
stabilizing effect upon the colloids in an ice cream mix. 

Milk not only represents a very complex colloidal solution, but in 
addition is one of the few examples of a natural biological emulsion. In 
addition to these complexities, certain constituents in milk exist in true 
solution. Ice cream probably presents more unsolved problems of a 
colloidal nature than does any other dairy product. Its physiological 


22 Robertson, Physical Chemistry of Proteins, p. 348, Univ. of Calif. Printing 
Office, 1918.2 Reprint from Longmans, Green & Co. 

23 Osborne and Wakeman, The proteins of cow’s milk, Jour. of Bio. Chem., Vol. 
SomNOwRLOLO.e 
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make-up is more complex than that of any other dairy product. A 
partial insight into its complexity is given in the following table: 


TABLE XV 


PuysioLocicaL ASPECT oF AN IcE Cream Mix 


{ t ie ae 


True solution in Partial solution and partial suspen- Complete suspension or 

milk serum sion or colloidal solution colloidal solution 
Lactic acid Albumin Fat 
Citric acid Gelatin Casein 
Potassium Calcium Eggs (if used) 
Sodium Magnesium Fruits 
Chlorine Eggs (if used) Nuts 
Lactose 


Sucrose (beet or cane) 
Corn sugar (if used) 
Flavors 


The problem of stabilizing viscosity to produce an ice cream that is 
palatable and nutritious offers a large field for research. Factors influ- 
encing crystallization, or the control of crystallization, are probably 
tied up with the colloids. Most investigators have thought viscosity a 
measure of these factors. Undoubtedly, there are other factors or con- 
stituents which function with colloids and which do more to determine 
the palatability, texture, body, and stabilization of ice cream than does 
viscosity. Possibly, as Dr. Rahn?* has pointed out, the important fac- 
tor may be a new compound, which he has called ‘‘ foam compound.” 
Viscosity and its determination will be discussed later. 

Many attempts have been made by different investigators to prevent 
crystallization of lactose by the use of different colloids in varying 
amount and quality. Thus far they have failed, at least insofar as pre- 
vention of lactose crystallization through the use of a protective colloid 
is concerned. 

Butterfat.—Butterfat has no influence upon the freezing point of ice 
cream, as shown by Dahle. ?° 

Practically every state has a butterfat standard for ice cream, and 
the quality of this product has come to be judged largely by the amount 
of fat it contains. It should not be so judged, because other constituents 
in ice cream are just as essential in rendering it palatable and nutritious. 
Of all the single constituents of ice cream, however, fat is the highest in 
food value. 

4 Rahn, Otto, Series of lectures presented at Dairy Industry Short Course, 


Feb., 1926, University of California. 
25 Dahle, C. D., Ice Cream Trade Journal, March, 1926, p. 63. 
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TABLE XVI 


Errect oF BuTTERFAT ON FREEZING Potnt or Ick Cream 


Per Cent | Per Cent | Per Cent | Per Cent Total Per Cent | Treezing 
Fat M.S.N.F. Sugar Gelatin Solids Water | Point, ° F. 
8 10 15 .35 33.35 66.65 27.590 
10 10 15 .35 35.35 64.65 27.581 
12 10 15 .385 37.35 62.65 27.554 
14 10 15 .85 39.35 60.65 27.473 


The fat in milk exists in the form of an emulsion and has only slight 
stability. Upon standing, it soon rises to the surface. It is usually 
separated from the milk by centrifugal force, for the production of 
cream. The density of fat in liquid form is 0.92. The globules in milk 
exist in clusters and have a range in diameter of approximately 0.01— 
0.0016 mm. Fat is usually the basis for establishing the price of milk 
and cream, since it is the most valuable single constituent. 

Butterfat is made up of nine separate and distinct fats. The per- 
centage of each of these varies with the individual animals, breed, age, 
length of lactation period, and many other factors. Butterfat represents, 
as a rule, only 8-14 per cent of ice cream and does not influence the 
quality of this product to such a great extent as it does that of butter, of 
which it forms at least 80 per cent. The fats in butterfat exist normally 
in the form of a chemical combination of glycerol (glycerin). They 
differ from all other fats in that they contain compounds of glycerides, 
built up probably from fatty acids of low molecular weight. They are 
grouped into two general classes, volatile and non-volatile. The volatile 
* fats are often referred to as soluble, and the non-volatile fats as insoluble. 
Hunziker?® says that in reality none of the fats are soluble or volatile, 
but that the fatty acids of some of the fats of glycerides, as the result 
of the decomposition of the respective glycerides, become separated 
from their base, the glycerol, and become soluble and volatile. Of the 
total milk fat, about 8-12 per cent yields volatile and soluble fatty acids, 
while the remainder is insoluble and non-volatile. Butterfat has a 
peculiar property of absorbing flavors, whether desirable or undesirable. 
These are transmitted to the ice cream and are often the cause of off 
flavors. Only the best quality of fat, therefore, should be used in ice 
cream. Its effect upon texture and body will be discussed in a later 
chapter. 


26 Hunziker, O. F., The Butter Industry, p. 533. 
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There has been much discussion and disagreement among investiga- 
tors as to whether or not butterfat globules in normal milk are sur- 
rounded by a film. This makes but little difference in the manufacture 
of ice cream, since the fat so used has been concentrated in various 
forms by the method of processing and by the addition of other material 
with the result that it has undergone a physical change. Undoubtedly, 
surface tension plays a very important part at this point. The authors 
and certain other investigators are of the opinion that the butterfat 
globules form a nucleus upon which the serum solids and added colloids 
are adsorbed. 

A. C. Dahlberg?’ points out that milk fat prevents the formation of 
large ice crystals, by mechanical obstruction. He demonstrated this by 
the use of an ice cream containing 30 per cent butterfat, 0.3 per cent 
protein, and 13 per cent sugar, and states that the cream remained 
smooth in the hardening room. He also states in the same publication 
that the milk fat, when combined with the milk solids-not-fat, had a 
greater combined effect on the texture than either alone. It required 
less gelatin to obtain the same results where the solids were increased. 
He explains this on the assumption that the water which was withheld 
from the gelatin was frozen into small ice crystals and that this water 
never actually contained any gelatin. This indicates that the higher 
the solids in ice cream, the greater the amount of water absorbed and 
adsorbed. It is believed that when this amount is large the product is 
more stable and has a smoother texture. 

Effect of Butterfat on Viscosity.—Butterfat affects viscosity to some 
extent, since a certain amount of water is adsorbed in the mix, and the 
viscosity of fat is greater than that of the water replaced; this is shown 
by the following table.?° 


TABLE XVII 
Errect or Burrerrat on Viscosity * 


Sample Per Cent Per Cent Viscosity 
Tat Gelatin Poise 
1 3.1 None Q1 
2 7.6 None 1396 
3 10.8 None 97.2 
L 


* Certified 34 gauge wire 


27 Dahlberg, A. C., Tech. Bul. 111, N. Y. Agr. Exp. Sta., 1925. 

28 Turnbow, G. D., and Milner, F. W., Some physical and chemical factors 
affecting ice cream mixes, Minutes of the Joint Cony. Calif. & S. W. S. Ice Cream 
Mfrs. Ass’n, p. 52, 1926. 
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Nelson and Reid,?® repeating the work of other investigators, found 
that increasing the fat increased the ease of obtaining yield, and that 
with each 2 per cent increase in fat, the finished cream had more resis- 
tance to penetration. Their work includes a range of fat from 6 to 25 
per cent. Everything else being equal, the yield increased with each 
increase in fat up to 10 per cent. From 10 to 25 per cent, the yield 
decreased. There are, however, many other factors contributing their 
influence to this decrease. Too much viscosity is just as undesirable as 
not enough. An increase in fat fixes more serum solids. Nelson and 
Reid state that fat has a greater influence on the yield than does the 
viscosity of the mixture. 


TABLE XVIII 


Errect oF DirFERENT PERCENTAGES OF BUTTERFAT ON. THE 
HarpNESs OF IcE CrEAm * 


| 
5 Penetration in Millimeters 
- Size of 
Fat Hours Temp. of 
Needle, 
Content | Tempered | Ice Cream Mm 
: Center End End_ | Average 
Per Cent Degrees C. 
4 4 —10.4 6.35 23.0 24.0 2D 24.0 
6 We —10.5 6.35 25.0 26.0 26.0 NS. 7 
8 rf —10.0 6.35 25 26.0 26.0 PRB 
10 y —10.2 6.30 24.0 D5 (0) Dem) 24.7 
12 4 —10.2 6.35 23.5 Zao PBS 6 2309 
14 (Gs — 9.7 6.35 26.0 250) 25.0 Dames 
16 5 —10.1 6.35 2522 DAn2 24.0 24.5 
18 s —10.0 6.35 2200 23.0 2B B 23.4 
20 G —10.3 OusD a0) 2307 237 2359 
25 74 — 9.0 6.35 24.5 26.0 PAS. fh 25.4 


* Nelson and Reid, Res. Bul. 70, Missouri Agr. Exp. Sta., 1924. 


Nelson and Reid found also that no direct relationship existed 
between the fat content of the ice cream and its hardness. Any apparent 
variation was due to experimental error. 

The melting resistance was increased with each additional increment 
of fat. This work indicated that 10-12 per cent butterfat gave a more 
desirable flavor and a very desirable texture. The ice cream was 
smooth and mellow. 


29 Nelson, D. H., and Reid, Wm. E., Res. Bul. 70, Missouri Agr. Exp. Sta., 
1924. 
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TABLE XIX 


EFFECT OF DIFFERENT PERCENTAGES OF BUTTERFAT ON THE SpEcIFIC GRAVITY 
AND THE YIELD OF THE Ick CREAM MIXTURE * 


Specific ha eich 
city | Gravy | ect) Meth ot nar cn 
: atelocc? Yield 
Per Cent 
4 1.104 1482 DD 89.7 
6 1.102 1437 USL 89.8 
8 1.098 1440 755 90.7 
10 1.093 1436 748 92.0 
12 1.088 1434 749 91.5 
14 1.085 1428 TAT 91.2 
16 1.081 1422 744 91.1 
18 1.076 1414 TAL 90.8 
20 1.071 1387 735 88.7 
25 1.066 1372 740 85.4 


* Nelson and Reid, Res. Bul. 70, Missouri Agr. Exp. Sta., 1924. 


Proteins in Milk.—Casein from normal cow’s milk is white, amor- 
phous, and without taste or odor, and has a specific gravity of 1.259. 
It is of high food value and lends itself readily to the absorption of 
moisture. This tendency helps to fix the water in ice cream mixes, thus 
producing better texture. The amount of casein in normal mixed cow’s 
milk varies, according to L. L. Van Slyke?° from 1.8 to over 3 per 
cent, while in individual animals it may vary from 1.5 to 4.5 per cent. 
The amount of casein and other proteins in milk is in very constant 
relative proportions. 

Casein is a complex chemical compound, belonging to a special sub- 
division of the phospho-proteins. Knowledge of the proteins at the 
present time permits an expression of the composition of proteins in 
the percentage of the different amino acids formed upon the hydrolysis 
of the protein. 

The products of decomposition of casein have been given considerable 
study. Table XX lists the products of decomposition of the three most 
important proteins in ice cream. 

It will be noted in the table above that not all the products of decom- 
position of the proteins in ice cream are accounted for, there being 
approximately 90 per cent of casein and gelatin accounted for and only 


30 Van Slyke, L. L., World’s Dairy Congress, p. 1145, 1923. 
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TABLE XX * 


Propucts oF Decomposition on Tauren Prorems In Ice Cream 


55) 
Casein PUES Gelatin 
min 

0.45 0.37 25.5 

1.85 2.41 Sel) 

7.93 3.30 0.0 

9.70 14.30 al 

7.63 3.76 9.5 
Oeg7OKVMIOs adc account 0.23 (?) 14.1 
Phenylalamine....... 3.88 1.25 1.4 
Glutaminic acid...... Blk Gl 12.89 5.8 
Oxyglutaminic acid...| 10.50 10.00 0.0 
ASparilcr.cid serene 4.10 9.30 3.5 
Serine sane eee 0.50 ine 0.4 
ERY TOSINE). cee oe severe eae 4.50 1295 0.01 
Cystine arc ere (2) iL 7 (2) 
JEDIIGHING), 6 5 ono me cot 3 2.50 2.61 0.9 
JMndeas SMES Ba cid se wo be 3.81 3.47 8.2 
MGV SEO eee cits secon to 7.62 G.87 5.9 
Tryptophane......... 1.50 2.40 0.0 
AMMONIA ee eee oe it @il 1.31 0.4 

Total 90.17 83.41 91.31 
ay 


* World’s Dairy Congress, Vol. 1, p. 441, 1923. Lafayette Mendel. 


83.4 per cent of lactalbumin. It is possible that when these missing 
compounds are found, there will be sufficient information to complete the 
stabilization of an ice cream mix. It may be that the “foam compound” 
referred to is involved with these proteins. Casein dissolves quite 
readily in moderately dilute acids, especially at a high temperature, 
forming soluble compounds which may be a combination of acid with a 
casein molecule or hydrolytic products, depending upon the concentra- 
tion of the acid and the temperature at which the action takes place. 
A very small amount of dilute acid tends to precipitate casein. Even 
though the acidity is too slight to be noticeable, it is undesirable and 
tends to produce a rough-textured ice creain with large air cells. Acidity 
in the ice cream mix is discussed in detail in another part of this book. 

Milk Solids-not-fat—The milk solids-not-fat play a very important 
part in the production of ideal ice cream. They are high in food value 
and reasonable in price. The use of larger quantities would be highly 
desirable from the dairyman’s point of view, inasmuch as skim-milk is 
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largely a surplus. Work done by the authors indicates that any increase 
in milk solids-not-fat produces an ice cream, all other things being 
constant, with greater palatability, a more compact, uniform texture, 
and generally greater stability. Dahlberg?! points out that milk solids- 
not-fat in the absence of fat did little to’ produce a smooth ice cream. 
Large ice crystals were formed. Fat alone was better than milk solids- 
not-fat. The best results were obtainable only when the two were 
present. 

Work done by the authors, in which exceedingly high percentages of 
milk solids-not-fat were used and the fat kept constant (10.50 per cent) 
gave an excellent ice cream. A smaller loss was noted in dipping. Less 
gelatin was required for each increase in milk solids-not-fat. Undoubt- 
edly, this was due to the smaller amount of available water that could 
disperse the gelatin. 

The freezing point of the ice cream is lowered to some extent with 
each increase of milk solids-not-fat, because of the increased lactose in 
true solution, and the small amount of salts that go into solution. The 
two most important proteins, casein and lactalbumin, are in colloidal 
solution but do not affect the freezing point of the ice cream mix. 

Considerable work has been done by various investigators (Dahle, 
Reid, Parfitt, and others) on the depression of the freezing point by the 
various solids. Table XXI, by Dahle,?? shows the effect of all the 
milk solids-not-fat, while Table IX shows the effect of lactose alone, 
clearly pointing out that the proteins have no effect, 


TABLE XXI 


FErrect or INcreastinc Mitk Soums Nor Fat on Freezina Point or Mix 


Mix Per ae Per Per Per Per ee Depression 
Num- | Cent M g Cent | Cent | Cent | Cent re Due to M.S. 
ber Fat NF. Sugar |Gelatin| T.S. | Water] 06 P 4 NEY or: 
1 1 8 15 230. || 30).35. 64.65 1°27 ,986 .000 
2 10 15 200. |) 3-80) |O2.60) [27.504 342 
3 2 12 15 565) || ai)sety |] OSS I) 7 IG .720 
4 14 15 230) | e4leoomOoSnoom|e2On222 1.674 


31 Dahlberg, A. C., Tech. Bul. No. 111, N. Y. Agr. Exp. Sta. 
*® Dahle, C. D., Filling up the gaps in freezing data, Ice Cream Trade Journal, 
March, 1926, p. 68. 
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Lactalbumin.—There are other proteins in milk besides casein and 
lactalbumin. However, from the data available, there is no indication 
that they play any important part in the manufacture of ice cream. 
Lactalbumin, which is very similar to egg albumin, exists in milk in 
small quantities. It aids in building up the total solids and is high in 
food value. It is precipitated by heat, but at the ordinary pasteurization 
temperature of an ice cream mix it is affected little, if at all. In the 
manufacture of condensed whole or skim-milk for use in the manufacture 
of ice cream, the lactalbumin is not affected unless high temperatures 
are used. The use of superheated condensed skim-milk will be 
discussed under another heading. 


EGGS 


Eggs are sometimes used in the manufacture of commercial ice 
cream, the fresh, whole egg being used in some cases, and in others the 
yolk alone, either fresh or powdered. In fancy or catering cream, good 
fresh eggs are almost universally used. French vanilla (a parfait) should 
always contain eggs of the best quality. The average weight of a hen’s 
egg is 60 grams. A dozen eggs weigh 1.58 lbs. The size and grade vary 
so much that this figure can only be an estimate. The average composi- 
tion of the edible portion of the hen’s egg, according to Leach,?? is as 
follows: water, 73.7 per cent; proteins, 14.8 per cent; fat, 10.5 per 
cent; salts (mineral matter), 1.0 per cent. 

The egg white (albumin) has a specific gravity of 1.045, and always 
gives an alkaline reaction. The yolk is much more complex than the 
white, and by far more yolks are used in ice cream than whites. Eggs 
are emulsifying agents and undoubtedly were originally added for this 
purpose. The powdered egg yolk that is used in ice cream (plain or fancy), 
is largely imported from the Orient where it is usually prepared by Amer- 
ican or English companies under regulations. Naturally, there are vari- 
ous grades, and probably the dissatisfaction expressed by some manufac- 
turers is due to the use of a poor grade. Obviously, only the best grade 
should be used. The price of the powdered yolk is usually very close to 
that of butterfat. The powder contains 50-60 per cent egg fat and 2-5 
per cent moisture and is used on the average at the rate of 0.5 of one per 
cent in the mix. Manufacturers use eggs more often in fancy cream than 
in plain cream, and a great number of them buy shell eggs. Eggs should 
either be prepared by heating slowly to 145° F. in the presence of 
cream, milk, or mix, in the proportion of one dozen eggs to one quart of 
milk or cream; or else should be added to the mix cold, and heated in 


3 Leach, A. E., Food Inspection and Analysis, p. 268. John Wiley & Sons, 1920. 
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the vat while the mix is being pasteurized. The heating eliminates any 
raw egg flavor. The eggs should be homogenized with the rest of the 
mix. Exceptions may be made to this in the preparation of small amounts 
for special orders. About 6 dozen yolks are required to make 1 lb. of 
dehydrated yolk. Ice cream containing’ eggs, when drawn from the 
freezer, has a smooth, velvety appearance. The texture of the ice cream 
when hardened may not be smooth, however, if the composition of the 
original mix is incorrect. Mix containing the proper amount of eggs 
generally whips faster than one of the same composition but lacking in 
eggs. The salts present in eggs may have a bearing upon the whipping 
ability of the mix. Ordinarily, however, the benefit derived from the use 
of the ordinary amounts of eggs in ice cream is not sufficient to justify 
their use commercially. If eggs are to be of any benefit to ice cream, at 
least 5-10 dozen of U. 8S. Extras or their equal must be used in 100 lbs. of 
mix. The cost of such an amount of eggs prohibits the manufacturer 
from selling his product at the price ordinarily prevailing for plain ice 
cream. Unfortunately, few of the states have any standard for the 
amount of eggs that must be used in ice cream, if the product is to be 
labeled ‘‘ Made with eggs,”’ 


TABLE XXII 


Unirep States Reram Grapes ror Eaes 


U.S. Specials * | U.S. Extras t |U.S.Standards t] U.S. Trades § 


Minimum Percentage 
Now) | Nor2: | INost Nos2ei Now La Noy2Z sl Nout No. 2 


Per Per Per Per Per Per Per Per 
Cent Cent Cent Cent Cent Cent Cent Cent 


ULSaSDecials snc. cerca attain 80 FO || apeeteyaccal ls ke eardeaed| ereicirs, seshiel le gers eae liane eel eee a 
U. S. Extras or better....... 10 20 80 VAM el ee reseraanl Se cases ler ats cea |[Aarectyiaere. 3 
U.S. Standards or better... ./Balance|Balance|Balance|Balance 80 CO AES aero nie ame 
WS Sabra desvor betber) arn: al sas karetern seen sl eel en eee Balance|Balance 80 70 
Tolerance or Maximum 

allowance per case: Dozen | Dozen | Dozen | Dozen | Dozen | Dozen | Dozen | Dozen 

WasuC@hecks. one 10/12 | 10/12 1 1 1-2/12 | 1-2/12 | 1-6/12 | 1-6/12 

Stained or slightly dirty U. 8S. 

Standard Dirties......... 8/12 | 8/12 | 8/12 | 8/12 | 1-4/12 | 1-6/12 |Balance|Balance 
Stained or Dirty U. S. Trade 

DBS) ats sock txt ta icditeerceeeent Apeara Mel aban Set eg ae len oe ll empem Ciara| [eo ae} 16/12) eas 

* Uniform in size. { May be variable in size. 


+ Reasonably uniform in size. § May be greatly variable in size. 
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Weight requirements for the buying grades are specified. 

Weight requirements for the wholesale grades will be such as are 
| established by the wholesale egg trade for trading purposes. For the 
. retail grades, the following weights are proposed: 


a Minimum Weight 
: Minimum Average : 
Size WV eat per’ Dozen Requirement for 
e Individual Eggs 
Ounces Ounces 
argesan eee 6 24 2205833) 
Medium sere eee 204 19 (1.533) 
Smog. 5 s4550 508 17 15 (1.250)t 


* This is interpreted to mean that no single egg can weigh less than 1,833 oz. 
+ This is interpreted to mean that no single egg can weigh less than 1.533 oz. 
t This is interpreted to mean that no single egg can weigh less than 1.250 oz. 


Uniformity in Size of Eggs Required in the United States Wholesale 
and Retail Grades 


TABLE XXIII 


UnitTep States Buying Grapes For Eaas 
MINIMUM REQUIREMENTS 


U.S. Extras U. S. Standards U.S: Trades U.S. Check * 
100 per cent U. 8S. 100 per cent U. S. 100 per cent U. S. 100 per cent U. S. 


Extrasorbetter, t weight | Standards or better, | Trades, U.S. Standard | Checks or better, no 
24 cunces net per dozen, | weight 24 ounces net | Dirtiesand U.S. Trade | specified or minimum 
minimum rate 22 ounces} per dozen, minimurn | Dirtiesorbetter, weight | weight required. ° 

for individual eggs. rate 22 ounces for indi- | 22 ounces net per dozen, 
vidual eggs. minimumrate18ounces 
for individual eggs. 


* When conditions warrant, U. 8. Checks may be included in the buying grade of U. S. Trades. 
+ When conditions warrant, a grade of U. 8. Specials may be used in buying eggs of a better 
quality than U. 8. Extras. 


VISCOSITY OF ICE CREAM MIX * 


The viscosity of an ice cream mix is important, in that a liquid 
without viscosity does not possess the power to retain air when whipped. 
In other words, an emulsion of oil in air is very unstable. Skim milk 
has a very small amount of viscosity, because it is fat-free and the casein 
and other colloids are in a high state of dispersion; therefore, the air 
that may be beaten in is difficult to retain. 


34 From unpublished data by G. D. Turnbow and F. W. Milner, Agr. Exp. Sta., 
University of California. 
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An important colloidal property of cream is its ability to form a 
stable emulsion with air upon whipping. Cream itself in its aqueous 
phase is an oil-in-water type of emulsion. In the whipping of cream, 
the oil-in-water emulsion is changed to an oil-in-air emulsion. The 
stability of this type of emulsion depends* largely upon the size of the 
air cells. Small air cells, being stronger than large ones, will prevent 
the structure from collapsing. Also, the greater the number of small 


Courtesy M. Mortensen, Iowa State College 
Fic. 36.—Ice Cream Mix. Viscosity 12.25°. 


cells, the greater the amount of serum that will be fixed, on account of 
the greater concentration of the serum at the interfaces. 

The size of the air cell is influenced largely by the viscosity and the 
specific gravity of the mix. Too much viscosity resists the incorporation 
of air. Air, once incorporated into the mix, will be retained because of 
the minute size of the air cell. Fresh cream will not whip or develop 
an oil-in-air emulsion, because it does not possess the property which 
is developed by allowing the cream to age at low temperatures. The 
incorporation of air in whipping cream is analogous to the incorporation 
of air in the ice cream mix. 
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Factors Affecting Viscosity.—There are a number of factors which 
affect the development of viscosity: namely, (1) ingredients, (2) process- 
ing, (3) time and temperature of aging. 

There are two types of viscosity in an ice cream mix. One may be 
defined as real viscosity; this is found in all solutions of both crystalloids 
and colloids, and has no connection with colloidal behavior. The other 
may be called apparent viscosity, and is due to the swelling of sub- 


Courtesy M. Mortensen, Iowa State College 
Fic, 37.—Ice Cream Mix. Viscosity 19,50°. 


microscopic solid particles in a solution. Apparent or colloidal viscosity 
is far more complex than real viscosity. 

All the ingredients exert their influence upon the development of 
viscosity, but in varying amounts. Of those commonly used, the gelatin 
and other colloids have the greatest effect upon viscosity as they have 
the physical property of forming a colloidal (network) structure which 
develops when the mix is aged and held at low temperatures for a period 
of time. Gelatin has been used in the manufacture of ice cream for 
years. Though other colloids have been used, the preference for gelatin 
has gradually increased until now probably 90 per cent of the stabilizing 
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colloid added is gelatin. Colleges, experiment stations, manufacturers, 
and others, realizing the necessity of a stabilizing colloid, are giving this 
protein careful consideration, even though it usually represents only 
0.5 of 1 per cent, or less, of the mix. 

Gelatin.—Gelatin is a protein and may be defined as the most typical 
of reversible colloids. Owing to its chemical and physical properties, it 
is an excellent stabilizer of emulsions. 


Courtesy M. Mortensen, Iowa State College 
Fic. 38.—Ice Cream Mix. Viscosity 34.50°. 


The English word “gelatin” is derived from the Latin word—“gel- 
atus,”—meaning congealed, frozen, or stiff. The commercial manufac- 
ture of gelatin probably began in the time of William III of Holland, 
about 1690; ten years later it became a commercial industry in Eng- 
land. Gelatin was valued during these years for its adhesive properties. 
Not until 1845 was the manufacture of edible gelatin thought of. This 
_ was first used for soups, jellies, ete. 

The commercial sources of gelatin are animal tissues (skin, connective 
tissue, cartilage, bones, fish skins, scales, etc.). It is associated with other 
proteins which are extracted along with gelatin, Some of the more 
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common of these are collagen, keratin, elastin, mucins, mucoids, 
chandrigin, humins, and amyloid. 

Edible gelatin as usually received by the ice cream manufacturer 
may be described as being a nearly colorless, odorless, semi-transparent, 
amorphous substance, containing 10-15 per cent moisture. It has the 
property of absorbing water and will swell to many times its own volume 
in cold water. Upon heating it goes readily into colloidal solution. 


: Courtesy M. Mortensen, Iowa State College 
Fig. 39.—Cream. Viscosity 69.25°. The Viscosity of Cream is Increased in a 
Similar Manner to Ice Cream Mix, Due to the Clustering of Fat Globules. 


When gelatin is added to a given volume of water, however, the volume 
decreases rather than increases.?° It was shown by Wiedemann and 
Ludeking?® that this phenomenon was also connected with the libera- 
tion of heat. Ice cream containing gelatin is less liable to water crystal- 
lization, upon standing, than that containing none. 


35 Quincke, H., Archiv. fiir die gesamte Physiologie des Menschen und der Tiere, 


8 (1870) 322-333. } 
36 Wiedemann, E., and Ludeking, Ch., Ann. Physik. Chem., 25 (1885) 145-153. 
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Preparing and Adding Gelatin to the Mix.—Much has been written 
regarding the proper method of preparing gelatin. Gelatin is usually 
added to the mix in liquid form, during pasteurization and before homo- 
genization. Work done by the authors and others leads to the opinion 
that more uniform results, lower bacteria counts, and possibly greater 
service from the gelatin can be secured by this method. The gelatin 
is placed in water equal in amount to 3 per cent of the mix, heated to 
165° F. in a steam-jacketed kettle, and added to the mix during pasteur- 
ization. Heating to a temperature of 175° F.?” in cases of gelatin of 
high quality, in no way affected its jelling strength. Only the best gela- 
tin should be considered. 

In addition to the method suggested above, gelatin is sometimes 
added in its dry form to the cold mix before heating to pasteurization 
temperature. Downey?® did some preliminary work indicating that 
the method of preparing and adding the gelatin had little to do with 
the results obtained. His data do not indicate that the viscosity of the 
mix was determined in each case. The variation in destruction of 
viscosity in the freezer and the slight differences in yield are factors 
hard to control, so that slightly different results may not be conclusive 
proof. Furthermore, the results of experimental work are valueless 
unless they are workable when applied in a commercial plant. Com- 
mercial procedure should be as simple as possible, and at the same 
time should allow the process to be carried on uniformly from day to 
day. The addition of gelatin after homogenization leaves great pos- 
sibilities for poor ice cream. A cold solution may result in lumpiness 
and lack of uniform distribution. Homogenizing the gelatin with the 
pasteurized mix undoubtedly has the effect of concentrating the gelatin 
as well as the milk proteins in protective films around the fat globules. 

The difference in the magnitude of casein and gelatin is due to the 
fact that the latter possesses a more effective mechanism for increasing 
its relative volume in solution. The submicroscopic particles of gelatin, 
or micelle, occlude large amounts of water, whereby the relative volume 
occupied by the gelatin is increased. These microscopic particles are 
the beginning of a continuous gel, to which the gelatin solution has a ten- 
dency to set. 

There undoubtedly is a colloidal structure built up in an ice cream 
mix, which has varying degrees of stability. This fact is substantiated 
by. Boede.? 

37 Turnbow, G. D., Before California and Southwestern States Ice Cream Mfrs: 
Association, Oakland, 1922. 

38 Downey, T. B., Ice Cream Trade Jour., Nov., 1925, p. 81. 


°° Bogue, R. H., Physical and Chemical Properties of Gelatin; Chemistry and 
Technology of Gelatin and Glue, pp. 146-147. 1922. McGraw-Hill Book Co., Inc. 


VISCOSITY OF ICE CREAM MIX 119 


The viscosity of a crystalloid solution is dependent only upon concen- 
tration and temperature, while in the case of colloidal viscosity, quality, 
concentration, temperature, time, and agitation are all factors of impor- 
tance. In the case of an ice cream mix, the quality of the gelatin used 
largely determines the concentration. 

Bogue states that the gel consistency is proportional to the under- 
grade protein present in the gelatin. Loeb*° and Bogue *! assume that 
a gelatin solution contains submicroscopic particles of solid jelly which 
they call micelle. These occlude large amounts of water, whereby the 
relative volume occupied by the gelatin in solution is increased, this 
condition being the forerunner of the continuous jelly to which the 
gelatin sets when aged at low temperatures. McBain*#? states that the 
continuous jelly consists of thread-like aggregates, which increase in 
number and length as the temperature is lowered, and that at the 
setting point, where freedom of motion is lost, the adjacent aggregates 
cohere. The rigidity depends upon the amount of interfacial free solvent 
and the amount of water hydrated and occluded. 

Hydrogen-ion Concentration of Gelatin—The pH values of gelatin 
may be determined by the colorimeteric method as described by Clark, ## 
standard buffered solutions being used as a means of comparison. (“The 
Meaning of Hydrogen Concentration,” by W. A. Taylor, La Motte 
Standards.) It was found that within fairly close limits the pH of the 
gelatin could be made by adding the indicator directly to the dry gelatin 
and comparing with the standards. This method is not as accurate as 
the solution method. Other methods for determining gel strength and 
viscosity are in use, all of which have merit as guides for selecting 
gelatin. The Burke, Russ, and Lepowitz testers are of the plunger or 
penetrator type. The finger test, as described by Fernback,** is 
probably the oldest commercial test and, if carefully done, gives a very 
” good idea of the gel strength, provided that the solutions are of the most 
desirable strength. Many modifications of Fernback’s method have 
been made, but none is of sufficient value to justify detailed description. 

Adjustment of the PH of Gelatin.—Before making jelly strength 
comparisons, it is necessary to adjust all gelatins to the same pH, 6.3 
usually being taken as it is approximately that of an ice cream mix. 

40 Loeb, J., Theory of Colloidal behavior, Chapter XI, 1922. 

41 Bogue, R. H., Physical and Chemical Properties of Gelatin; Chemistry and 
Technology of Gelatin and Glue, p. 147. 1922. McGraw-Hill Book Co., Inc. 

42 McBain, J. W., and Taylor, Ber., 43 (1910), 321; Z. Physik. Chem. 76 (1912), 
179; McBain, J. W., and C. §. Salmon, J. Am. Chem. Soce., 42 (1920), 426. 

43 Clark, Determination of Hydrogen Ions, pp. 43-59. Williams and Wilkins 


Co., Baltimore, Md., 1923. 
44 Fernback, R. I., Glue and Gelatin, p. 47. New York, 1907. 
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One gram of gelatin is weighed on a balance, then dissolved in 10 c.c. 
of cold water for fifteen minutes and heated in a water bath at a temper- 
ature of 165° F. for fifteen minutes or until fully dissolved. Indicator 
Brom-Thymol-Blue is added, then acid or alkali until the color exactly 
matches that of the color standard of pH 6.3. The amount of acid or 
alkali added is noted in each case, and the same quantity is used in mak- 
ing the jelly test. The number of cubic centimeters of acid or alkali is 
subtracted from the 100 c.c. of water. (For complete tests of gelatin, 
see page 304.) 

Determination of the pH of an Ice Cream Mix.—The hydrogen-ion 
concentration of the ice cream mix is determined by a type-K Leeds- 
Northrop Potentiometer, a Clark Cell, and 0.1 N potassium chloride in 
the connecting vessel. Hydrogen is generated by hydrolysis. The same 
amount of mix is used in each determination. The resistance reading is 
converted to pH values by calculation, Clark’s formula being used. 
All samples are placed in a water bath at 20° F. before the determina- 
tions are made. 

Complexity of the Mix.—In the manufacture of ice cream to-day 
there are three factors which largely cover processing and freezing; 
namely, (1) ingredients, (2) processing, and (3) freezing. 

In any study of milk and its products, one is necessarily dealing 
with substances that are very complex in their physical and chemical 
behavior. Milk in itself is, according to Palmer,** not only a complex 
colloidal system but a natural biological emulsion. Generally speaking, 
it consists of a microscopic dispersion of butterfat in an aqueous plasma 
containing sugar, ash, and colloidally dispersed proteins such as casein 
and albumin, all of which have significance when one is dealing with 
milk itself or products derived therefrom. The chemical and physical 
changes that may take place are of vital concern. The greater amount 
of work so far has been confined to the chemical properties of the mix; 
very little attention has been given to the physical properties. 

An ice cream mix represents an emulsion of fat in water, similar in 
many respects to milk itself, the butterfat being held in the form of a 
globule by surface tension. The mix presents heterogeneous and homo- 
geneous conditions, being made up of crystalloids, colloids, and suspen- 
sions. Quite a wide variation is found in the chemical composition of 
the components which make up these complex constituents. The 
rapidity with which the known chemical changes take place remains a 
question. It is easy, therefore, to understand why investigators have 
found it hard to interpret them. Chemically speaking, there are really 


46 Palmer, L. S., Chemistry of milk and dairy products from a colloidal standpoint. 
World’s Dairy Congress, Vol. 2, p. 1157. 
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three types of changes*®: those taking place instantaneously; those 
taking place quite rapidly; and those progressing very slowly. The 
chemical changes themselves are difficult to interpret. The exact effect 
of the alterations, both chemical and physical, on the ever-changing 
composition of the ingredients is still in question. Moreover, the chem- 
ical composition of the ingredients may be under the control of the 
human element to only a limited extent. A variation in the composition 
of such constituents as butterfat and casein will result in other complex 
chemical and physical changes when these ingredients are thrown into 
contact with the others present in the ice cream mix. 

Development of Viscosity.—Probably the most important physical 
change taking place is the development of viscosity. It has long been 
known that when milk or cream is allowed to stand, changes take place 
which alter not only the chemical behavior but the physical properties 
as well. Investigators have been very much interested in these changes 
and have given the subject a great deal of consideration. Milk and 
cream allowed to stand for a period of time at low temperatures become 
less fluid, in other words, more viscous or sticky. This physical change 
is due to the development of viscosity. 

Viscosity is generally defined as the resistance offered by a liquid to 
shearing, stirring, or flow through a capillary tube. Loeb concludes 
that in a solution there may be two kinds of viscosity: (1) erystalloidal 
viscosity, which is found in all solutions of crystalloids or colloids and 
has no connection with colloidal behavior; (2) colloidal viscosity, which 
is due to the swelling of submicroscopic particles in the solution. The 
first is ordinarily termed real or absolute viscosity, and the second 
apparent viscosity. These may be further differentiated into stable and 
unstable viscosity. The colloidal viscosity has a greater order of mag- 
nitude, in that colloids seem to possess a mechanism which enables 
~ them to occupy a greater volume, by the hydration or occlusion of water. 

The factors that govern colloidal viscosity are concentration, tem- 
perature, and time, while crystalloidal viscosity is affected only by con- 
centration and temperature. 

Determination of Viscosity.— Viscosity determinations represent the 
measurement of a force, expressed in dynes, great enough to overcome 
the resistance of the liquid to flow. Various methods have been devised 
for making these determinations, each having its advantages and dis- 
advantages. The latest device employed is “The New Improved 
MacMichael Viscosimeter,” which permits rapid determinations and 
direct reading and insures comparable results with different operators. 

46 Manhart, Gelatin-viscosity and melting resistance. Creamery and Milk Plant 
Monthly, Sept., 1923, pp. 85-86. 
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This instrument measures the viscosity of a liquid by measuring the 
torsion exerted between two cylinders. One of these cylinders is given 
a rotary motion about its common axis by a motor, which helps in 
maintaining a constant pressure. The other cylinder is suspended by a 
fine wire of known torsional strength, which passes through a stem 
bearing the reading dial, the whole acting on the principle of a pendulum. 

The outer cylinder is 
made to rotate at a uni- 
form and constant speed 
by means of a small motor, 
the velocity of which is 
further regulated by gears 
and agovernor. The elec- 
tric current can be regu- 
lated by means of a rheo- 
stat. 

The working principle 
of the ‘MacMichael”’ is 
as follows: the outer cup 
revolves, the liquid is given 
a circular motion, which in 
turn exerts a force on the 
suspended bob or inner 
cylinder, causing it to ro- 
tate until the torsion of 
the bob balances the re- 
sistance of the liquid and 
remains in a fixed posi- 
tion, when the reading 
may be made directly in 
terms of M’s. The read- 

Churtiilo? Bier @Aned ee netakenron the dial may, 

Fre. 40.—MacMichael Viscosimeter. be calculated in terms of 

poises or centipoises by 

the formula CP/M = 34.69 X gm. — cm./M. The value of gm. — 
cm./M is furnished by the U. S. Bureau of Standards. 

In the case of heavy solutions and of those that are colloidal in struc- 
ture, the operation of the turntable at a high velocity makes it possible 
for the movement to be a spiral one instead of a circular flow. The 
spirals cause eddy currents, giving an inflated reading of deflections. 
In examining a true solution in which no structure has developed, it is 
not important for the speed to be so exact that the deflections are pro- 
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portional to the speed, because agitation does not destroy viscosity in 
this case. 

In the Doolittle instrument, another device for measuring viscosity 
by means of torsion, the readings are made by the retardation effect that 
the liquid exerts upon a suspended ball of specific size. 

There are on the market a number of capillary viscosimeters which 
are used in determining the viscosity of an ice cream mix. The principal 
disadvantages of this type of instrument are as follows: (1) the time of 
flow is not strictly proportional to the viscosity, but varies inversely 
with the density; (2) the flow at the end is in the form of drops rather 
than in a stream; (3) temperature control is difficult; (4) pressure does 
not remain constant. 

It is certain that a colloidal structure exists in an ice cream mix, 
because of the fact that the structure may be mechanically broken. <A 
sample shows a diminution in viscosity when passed through an ordinary 
capillary viscosimeter for a second time. This is also true in the case of 
a torsional machine. Agitation during freezing has a tendency to de- 
stroy viscosity. This phase of viscosity is discussed later. 

Effect of Gelatin on Viscosity —That a good grade of gelatin exerts 
the greatest influence of any ingredient upon the viscosity of the mix, 
when aged, was demonstrated by work done at the University ot 
California Agricultural Experiment Station. A mix containing 10.8 per 
cent fat and 36 per cent total solids was processed according to standard 
technique, except that the gelatin was withheld from the mix when 
passed through the homogenizer and over the cooler. Samples contain- 
ing no gelatin were taken. Five-tenths per cent gelatin was added and 
samples taken. 


TABLE XXIV * 


Errect oF GEuaTiIn (0.5 Per Centr) upon Viscosity 


= 
Time, Before Gelatin After Gelatin 
Hours Added, Poises Added, Poises 
0 649 PH a 
2A ene Name (At Ps heed eae A 9.84 
Gt © Ma NA Sons. ore (eVafaie 10.51 
Pan me a Mobb patentee cca aC 9.03 
OD GMM. bee athe costecres svesccre er) cele 11.99 
i 2.0) Sg erties WE SOS ec. ore ePo ng SBI 12.03 


* Typical example of data. 
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A comparison of the results shows that the addition of gelatin to the 
mix causes a tremendous increase in the viscosity. There was quite a 
rapid increase during the first twenty-four hours, and a slight one 
during the second twenty-four. The third twenty-four hours showed a 
slight decrease. The conclusion, therefore, is that twenty-four hours is 
sufficient to age a mix. Table XXIV shows beyond any doubt that 
gelatin has a tremendous influence on the viscosity of the ice cream mix 
by the development of a distinctive colloidal structure. The quality 
and the amount of gelatin present influences this greatly. This fact was 
demonstrated when a mix containing 10.78 per cent fat and 36.79 per 
cent total solids was processed as usual except that the mix was passed 
over the cooler and varying amounts of gelatin were added, 


TABLE XXV * 


Errect of Varying AMOUNTS OF GELATIN f 


r 
Time, UN os Viscosity, 
Hours : SC Poises 

Per Cent 
24 0.2 0.646 
24 0.3 1.020 
24. 0.4 4.280 
24 0.5 12.280 
24 0.6 28.920 
48 0.3 1.42 
48 0.4 5.64 
48 O25 18.60 
| 48 0.6 Too heavy to run 


* Typical example of data. 
+ Similar results were obtained by Moore, Combs and Dahle, Jour. Da. Sci., V. 8, p. 500-14, 
No. 6, 1925. 


The data in the foregoing table show clearly that an increase in the 
amount of gelatin is accompanied by an increase is viscosity, but not by 
an increase proportionate to the concentration. At concentrations of 
0.4 and 0.5 per cent, the increase in viscosity is very great after the first 
twenty-four hours, but for the next twenty-four hours it is not so rapid. 
The rate of increase in viscosity in the concentration of 0.3 per cent and 
lower is much less. Hatschek*’ states that a certain minimum concen- 
tration is necessary to form a jelly at a given temperature. Variations 


“ Hatschek, E., Physics and Chemistry of Colloids, p. 82. P. Blakiston’s Son & 
Co., 1922. 
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occur with brands and grades; a concentration of less than .25 per cent 
will not set even at 0° C. As the concentration increases, the melting 
and setting points rise. Gelatins of low concentration set steadily 
during the first few days, soon reaching a maximum. 

Effect of Quality of Gelatin on Viscosity—It is known that the 
quality of the gelatin exerts a great influence upon the amount of vis- 
cosity that will develop in an ice cream mix. The better the quality of 
gelatin, the greater the jelling power; and the greater gel strength, the 
greater the viscosity developed. 

To demonstrate the above statement, a mix was made containing 
an average of 11.01 per cent butterfat and 36.84 per cent total solids. 
This was processed as usual except that samples were taken from the 
cooler and to them was added the same amount of the different grades 
of gelatin. The results show quite a wide variation in the viscosity of 
the respective mixes. 


TABLE XXVI 


Errect oF GRapr OF GELATIN ON VISCOSITY 


Viscosity 
Grade of 
ever Gelatin 
gs 24 hours, | 48 hours, 
poises poises 
1 Poor 2.60 9.36 
4 Fair 9.36 15.08 
We Good omg 26.00 
5 Excellent 28 .62 Solid jelly 


The better the grade of gelatin, the greater the viscosity. Manhart ‘48 
found that ice cream from a mix made with 0.6 per cent of a poor grade 
of gelatin was about equal in viscosity and melting resistance to one 
made with 0.4 per cent of good gelatin. These results parallel quite 
closely Downey’s*® work. 

Some authorities state that a good gelatin should make up a clear 
solution. The authors’ study of gelatin does not indicate that color 
bears any great definite relation to gel strength, solubility, rate of set- 
ting, or odor. 


48 Manhart, V. C., Gelatin-viscosity and melting resistance. Creamery and 
Milk Plant Monthly, Sept., 1923, p. 85. 
49 Downey, Ice Cream Trade Journal, Nov., 1925, p. 81. 
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The gelatins on the market vary in pH values. Some make up 
clear solutions in water. When their pH is changed they may become 
turbid upon approaching the iso-electric point. A turbid gelatin can be 
made clear by a change in acidity that is away from the iso-electric 
point. However, when the pH is altered away from the iso-electric 
point, the gel strength and viscosity are weakened. Bogue,°° in account- 
ing for these changes, states that “the greatest opacity results from the 
largest aggregates of less swollen particles. This maximum of opacity 
occurs at the iso-electric point. Any decrease in the size of the aggre- 
gates or increase in the hydration results in greater clarity or_trans- 
parency of the solution.” 

This means that almost any gelatin may be made clear or turbid by 
altering its pH away from or toward its iso-electric point. 

The following table typically illustrates the effect of the pH on clarity 
of the gelatin solution. 


TABLE XXVII 


EFFrect oF pH uron Cotor 


Sample pH Color 
1 7.9 Clear 
1 4.7 Turbid 
1 3.0 Clear 
4 0) Turbid 
(slightly) 
4 Ab Turbid 
4 830) Clear 
2 6.6 Clear 
2 4.7 Turbid 
2 3.0 Clear 


The gel strength is influenced markedly by the pH of the gelatin, 
as is shown by the inversion test. A weak gelatin may be strengthened 
if it has, for illustration, a pH of 7.0 or 3.0, by changing to approximately 
4.7. This does not mean that it would be possible to take a poor grade 
of gelatin and, by changing the pH, make a high-grade gelatin, although 
the grade may be improved somewhat. The odor of gelatin in water 
solution, warmed to approximately 140-160°, indicates the grade to 
some extent. 


50 Bogue, R. H., Chemistry and Technology of Gelatin and Glue, p. 156. 
McGraw-Hill Book Co., 1922. 
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Liquefying and putrefactive organisms do not grow in a medium 
that has a high pH. Therefore, gelatin that is apparently uncontam- 
inated may show the presence of large numbers of these organisms when 
the pH is lowered. Some gelatins are sold to the trade with a pH so 
high (high acid) that these undesirable types will not develop upon 
incubation in a water solution. 

Since the strongest gel is obtained when the gelatin is at a pH of 
approximately 4.7, and an ice cream mix under factory conditions is 
approximately 6.3 (this figure varies slightly, depending upon sources 
and quality of products used), the question arises whether the large 
reservoir of salts in the mix is sufficient to change the pH of the gelatin 
without materially changing the pH of the ice cream mix. If this is so, 
then gelatin should be purchased upon a little different basis from that 
used in the past. 

As would be expected, the usual range in the pH value of gelatin 
affects but little the pH of an ice cream mix. The effect, if any, is of no 
commercial importance. 


TABLE XXVIII 


Errect oF pH oF GRuaTIN UPON pH or Mix 


Mix Sample | pH of Gelatin | pH of Mix 
" Number 
A 1 7.6 G27 
A 2 aint: On2e 
A 3 3.8 6.17 
A 4 4.0 6.18 
A 5 No Gelatin 6.24 
B 6 4.7 6.42 
B 7 3.0) 6.21 
B 8 6.3 6.25 
B 9 8.0 6.30 
B 10 No Gelatin 6.31 
C 11 4.2 6.33 
C 12 0) 6.37 
6) 13 3.8 6.23 
C 14 DES 6.26 
C 15 No Gelatin 6.30 
D 16 3.8 6.27 
D il? 7D 6.33 
D 18 4.0 6.26 
D 19 Coe 6.28 
D 20 No Gelatin 6.29 
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From the data above, it is safe to conclude that the gelatin, regard- 
less of its pH, changes to that of the ice cream mix. Undoubtedly, there 
are present in the average ice cream mix sufficient salts to change the 
pH of the gelatin to that of the mix. As shown by the table above, each 
mix was divided into five parts, to four of which 0.5 of 1 per cent of 
gelatin of varying pH values was added, while to the fifth no gelatin was 
added. All of the readings quoted above represent four or more pH 
determinations. The variations in a mix with different gelatins, while 
excessive In some types of solutions, are not considered so in ice cream, 
because of its complexity. 

Effect of Butterfat and Serum Solids upon Viscosity——Dahlberg®! 
in his recent work showed that butterfat had a decided influence upon 
the viscosity of cream, but that a greater effect was noticeable when the 
fat content was 20 per cent or more. The milk solids-not-fat did not 
alter materially the viscosity of the cream. 

A mix was made up with all ingredients to contain 11.438 per cent 
butterfat and 37.5 per cent total solids, and was processed in the usual 
manner except that all of the ingredients that supplied the butterfat 
were withheld, as was also the gelatin. The ingredient supplying the 
butterfat was added in four quantities. After each addition, a sample 
was taken and the mix poured back into the hotwell, to which additional 
fat was added. After the last addition of fat, a sample of the mix was 
taken and the gelatin then added. All sampling was done at the cooler 
after homogenization and cooling. 


TABLE XXIX 


Errect or BurTerrat, SERUM SOLIDS, AND GELATIN ON VISCOSITY 


eemple Per Cent | Per Cent | Per Cent | Viscosity, 
Fat Gelatin Si Se Poises 
1 0 None 14.3 136 
2 3. 1 None WD 3 0.81 
3 7.6 None iO) 1.36 
4 10.8 None 10.8 YP 
5 11.4 0.5 10.4 25.50 


From the data, it seems that butterfat exerts an influence upon the 
viscosity of the mix. The effect of the butterfat below 7 per cent was 
not noticeable. With the addition of the gelatin, there was a marked 
increase in viscosity. That of the sample without butterfat is due to the 


51 Dahlberg, A. C. Tech. Bul. 113, Geneva, N. Y. 


130 INGREDIENTS OF THE MIX 


concentration of milk solids-not-fat and to the sugar. According to 
Clayton, >? when no butterfat is present in milk or cream, the casein 
and other constituents are in a high state of dispersion, and in the 
absence of the butterfat the colloids cannot be adsorbed. During the 
aging of the ice cream mix, it is assumed that the increases in viscosity 
are due to the adsorption of the casein and other hydrophile colloids 
by the fat. With an increase in the amount of fat, or with the division 
of the fat globules by homogenization, there is a corresponding increase 
in the surface area to which colloids may be adsorbed, the fat being in 
the form of globules the size of which influences the amount of colloids 
adsorbed. Dahlberg®* found that the viscosity was altered by the addi- 
tion of the butterfat, which affected the grouping of the globules. 

Gums, Tragacanth and Arabic.—Gums in ice cream must be con- 
sidered fillers and not stabilizers. It is the belief of the authors that 
these products have no place in the manufacture of ice cream. They 
perform no function, as does gelatin, and are comparable to it only as 
fillers. 

Gum tragacanth may have a place in combination with some other 
colloid, such as agar. The authors have manufactured some very 
desirable ice cream using a combination of these two colloids. 

Effect of Processing upon Viscosity.—A jelly can exist only when 
the relative volume occupied by the swollen molecular threads has 
become so great that all motion is lost. As the temperature falls, the 
threads lengthen and hydration increases. 

In further work on viscosity, a mix which contained 10.82 per cent 
fat and 35.7 per cent total solids was made as usual. From the samples 
taken at the cooler, viscosity determinations were made for each twenty- 
four of one hundred and forty-four hours. 

From the following data, it is found that the viscosity of the mix 
increased for each twenty-four hours, except for the characteristic drop 
at the end of the second twenty-four hours. The increase after the first 
seventy-two hours was very small. At the end of ninety-six hours, 
a slight decrease was noted, and then an increase occurred. These 
changes in viscosity seem to be characteristic of some gelatins. Observa- 
tions made on other mixes, treated similarly, showed that in some cases 
the viscosity dropped somewhat at the end of the first forty-eight 
hours, then increased again slightly. Hatschek>* states that a gelatin 


52 Clayton, Gelatin, Fifth Report Colloid Chemistry, London, p. 42. 
53 Dahlberg, Viscosity, surface tension and whipping qualities of milk and cream. 
Tech. Bul. 118, Geneva, N. Y. 


54 Hatschek, E., Physics and Chemistry of Colloids, p. 116. P. Blakiston’s 
Son & Co., 1922. 
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TABLE XXX 


Errect oF HOMOGENIZATION ON VISCOSITY 


: Before After 
Time, re ode we 
Homogenization, | Homogenization, 
Hours 3 é : 
Poises Poises 
0 .561 . 66 
Ad WERE deen ike ai 3.07 
AS Me MeN reece os 1.40 
Omen Re hs «cro 7.95 
OGRA eapeccrsys cnttesh tate ah 
940) © Al RAP cho evens 8.36 
AA eee lancheenci wer tecren ties se 9.01 


solution does not attain its full strength immediately upon setting, but 
that the modulus increases for some time. 

Aging does not affect the freezing point, if the process goes on at a 
temperature low enough to prevent the development of acid. The 
following table®> demonstrates this very clearly. 


TABLE XXXI 


Errect of AGE UPON FREEZING PoINT 


Freezing Time cen ea Per Cent | Per Cent 
POU, (Age) Bey Serum Solids) Fat 
oR: Oe Solids | 
28 .4 None 33.4 12.2 8.3 
28.4 3 days Cone 12,4 8.3 
28.4 1 week 33.4 2)? 8.3 
28.4 2 weeks 33.4 1252 8.3 
28.4 4 weeks 33.4 | 1194), 8.3 


Effect of Sugar upon Viscosity——Sugar is a carbohydrate with a 
complex structure. When added to water or milk it tends to go into 
molecular dispersion with the formation of a homogeneous mixture. 

A mix was made to contain 11.12 per cent butterfat and 36.8 per cent 
total solids; it was processed as usual, except that the sugar and the 
gelatin were withheld. A sample, which did not contain sugar or gelatin, 


55 Parfitt and Taylor, Effects of ingredients in the ice cream mix on its freezing 
point. Journal of Dairy Science, May, 1925, Vol. 8, pp. 230-237, 


132 INGREDIENTS OF THE MIX 


was taken. The gelatin and the sugar were added, after which another 
sample was taken. The results show that the sugar exerted a very 
limited influence upon the viscosity. 


TABLE XXXII* 


EFFEecT oF SUGAR UPON VISCOSITY 


Time, Viscosity, 
Gh ya serein Hours Poises 
No sugar or gelatin...... 48 0.136 
Sugar, no gelatin......... 48 0.455 
Completenmixergsee ee 48 12.240 


* Typical example of data. 


A slight increase in the viscosity was noted as soon as the sugar was 
added. Upon the addition of a small amount of gelatin, a tremendous 
increase in the viscosity took place. With the addition of sugar at the 
same concentration as that of the ice cream mix, the viscosity of the 
solution became 300 per cent greater than that of water. As the con- 
centration of the sugar increased, the viscosity likewise increased. When 
crystalloids go into solution, the viscosity of the solution is slightly 
greater than that of the pure solvent, and the viscosity increases with 
the concentration. The rate of increase will be greater in concentrated 
solutions than in dilute ones. 

Surface Tension.—The ice cream mix is known to possess surface 
tension, as do all liquids, but the importance of its surface tension has 
not been definitely determined. 

If a clean glass tube is inserted into the mix, the latter appears to 
climb up the tube. This is true of all liquids that wet a tube. Since 
mercury does not wet a tube, it would behave in the opposite manner. 
The film on top of a liquid varies in strength for different liquids, and 
the measurement of its strength is known as the measurement of surface 
tension. Bogue°® says that nearly all inorganic salts in solution increase 
the surface tension of the solvent, while colloids of the suspensoid class, 
as a rule, do not affect surface tension. Practically all emulsoid colloids 
lower the surface tension, gelatin not as much as some others, however. 
Surface tension decreases as the temperature rises. 

The surface tension of an ice cream mix, as determined by the 


56 Bogue, Chemistry and Technology of Gelatin and Glue, p. 114. McGraw- 
Hill Book Co., 1922. 


VISCOSITY OF ICE CREAM MIX 133 


Du Nouy Surface Tension apparatus, varies with the composition and 
the salts it contains. Increasing the dispersed phases makes the con- 
tinuous phase, separating the fat globules, thicker, and raises the surface 


Courtesy Eimer & Amend 
Fig. 42.—du Nouy Surface Tension Apparatus. 


tension. In determining the surface tension of an ice cream mix, uniform 
amounts and careful control of temperature are especially necessary. 
The determination requires three or four minutes. The lower the 
surface tension, the faster the mix whips in the freezer. : 


CHAPTER VI 
CALCULATION OF THE ICE CREAM MIX 


One of the important steps in the manufacture of ice cream of high 
quality is the proper proportioning of the ingredients. Formule are 
used by a few ice cream manufacturers, but a thorough knowledge of 
the procedure of standardizing the mix (mixture), by using ingredients 
of varying composition to bring about the desired percentage of fat, 
milk solids-not-fat, total solids, etc., is of greater value than the posses- 
sion of a great number of formule. . 

The ability to calculate a mix simply and accurately is very useful 
to the ice cream manufacturer. For a long time most mixes were 
calculated by trial and error. An algebraic method! has been devised 
to replace this slow and clumsy one. Manufacturers who understand 
this new method, and have their products standardized, do not need to 
calculate a new mix each time one is desired. First of all the percentage 
of the various ingredients must be decided upon. Then the legal 
standard must be considered. If the ice cream is to be sold entirely 
within the state in which it is manufactured, only the state standard 
need be considered. If, however, some of the ice cream is intended for 
interstate shipment, the federal requirements must be met. 

The cost of the ingredients is the next factor of importance to con- 
sider. The processing costs do not vary materially with changes in the 
composition of the mix. Sugar is the cheapest solid used, and a highly 
desirable one up to a certain point. Good ice cream usually contains not 
less than 14.5 per cent or more than 15.5 per cent sugar. Milk solids-not- 
fat come next in lowest cost to the pound. The desirability of using the 
maximum need not be discussed here. Ten to 11 per cent is about the 
maximum amount of skim-milk solids that may be used ordinarily, since 
allowance must be made for slight variations in the tests and weights, 
and a safe margin must be maintained below that point where there is 
danger of sandy ice cream. Under conditions explained elsewhere, 
larger amounts or milk solids-not-fat can be used without danger of 
developing sandy ice cream. 

1Turnbow, G. D., and Titus, C. M., Vol. 1, No. 4, Hilgardia, University of 
Calif. 
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Gelatin limits itself because of its action in the mix. The amount 
to be used varies between 0.3 and 0.5 per cent, depending on the quality 
of the gelatin, the method of preparation, and the climate. 

The last and most expensive ingredient is butterfat. It is essential 
that the commercial mix contain at least the minimum butterfat required 
by law. Some manufacturers make a practice of exceeding this limit by a 
safe margin, and others add considerably more than the requirements. 
In the latter instance, there are generally market influences of an unusual 
type to be met. 

A good ice cream, therefore, can be manufactured containing: 


10.5 per cent fat 
10.0 per cent milk solids-not-fat 
14.5 per cent sugar 
0.5 per cent gelatin 
3.0 per cent water for hydrating gelatin. 


This mix has a total solids content of 35.5 per cent and, with an over- 
run of 90 to 95 per cent, will produce a good ice cream. 

To suggest a uniform standard for all states at the present, or to 
find one that will meet the personal favor of all manufacturers of ice 
cream, is obviously impossible. It would reflect great credit on the 
industry if it had so perfected its product that a universal standard could 
be adopted. The following table of state and Federal standards indicates 
the reason for the present variety of standards: 

Algebraic Method.—As suggested above, the method here explained 
involves the use of algebraic formule and the rules based on them. 
There are formule covering nearly every possible combination of dairy 
products. The chief advantage in using them lies in the fact that 
mathematical accuracy in computing mixes may be insured. With a 
little knowledge of elementary algebra, the formule will be found very 
simple. Those who have no knowledge whatever of algebra will find it 
best to use the rules at first. Comparing the rules with the formule 
and studying the examples worked out by means of the latter will result 
in an understanding and proficiency in the calculation of mixes. Eleven 
possible combinations of dairy products have been worked out with the 
formule. There may be other combinations, but these are the most 
important ones. 
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Liaat STANDARDS OF BUTTERFAT AND GELATIN IN Ick CREAM 


State 


Plain Ice Cream 


Fruit and Nut Ice Cream 


Fat 
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Gelatin 
Per Cent 


(1) Federal standard. 


(2) Not allowed. 


Norte. 


the various States having the enforcement of the laws in charge. 


United States Department of Agriculture, 1916. 


(3) Two ounces in 10 gallons. 


(4) Must be labeled ‘‘Gelatin ice cream.” 


The above standards are correct on date of October 1, 1923, according to the offices in 


In those States or possessions 
where no reply was received the name of the State or possession is followed by two asterisks (**). 
The remainder of the report was made up from Meivin, A. D., Legal Standard for Dairy Products, 


If a space is left blank, no standard exists. 


North Carolina permits what it terms ‘‘compound ice cream”’ which may contain 4 per cent butter- 
fat and must be labeled ‘‘compound ice crea.” 


* Combs, W. B., Standardizing the ice cream mix, Proc, World’s Dairy Congress, 1923, Vol. 1, 


p, 490. 
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POSSIBLE COMBINATIONS 


Case I.—Cream, milk, condensed skim milk, or cream and condensed 
skim, or maximum amount of cream. 

Case II.—Milk, cream, sweetened condensed skim, or cream, milk, 
plain condensed whole milk, or cream, sweetened con- 
densed, whole milk. - 

Case III.—-Milk, cream, and condensation. 

Case IV.—Cream, skim and condensed skim. 

Case V.—Left-overs. 

Case VI.—Using a given amount of sweet butter and cream. 

Case VII.—Using given amounts of two or more ingredients. 

Case VIII.—Other standards. . 


After the amount of milk or cream that is to go into the mix is 
calculated, the following table is of assistance in determining the amount 
of milk solids-not-fat contained in that much milk or cream: 


TABLE XXXIV * 
PreRCENTAGE OF Fat AND MILK SOLIDS-NOT-FAT IN MILK AND CREAM 


Per Cent Per Cent 

Product haa Milk Solids-|| Product ate in Milk Solids- 
not-fat + s not-fat ft 
Waterioacooe 0.00 0.00 Creamers 30.0 6.2 
Skim milk OQ 8.9 (Creamware 31.0 Gn? 
Milk. 3.0 8.6 Creamer 32.0 6.1 
Milk. 33.53 8.7 Cream....... 33.0 6.0 
Miloesereieren 4.0 8.8 Creamer eae 34.0 5.9 
WKAR ae 4.5 8.9 Creamer 35.0 5.8 
Vi Kass 5.0 9.0 C@reamennne 36.0 5). 0 
@reaneeecer ToeO (0 Creampeeneen 37.0 5.6 
Creameaeeese 16.0 eo @reameae ee 38.0 5.5 
Creamer ne 17.0 C4 Cream 39.0 5.4 
@reamien aces 18.0 433 Creamers 40.0 5.4 
Creamer ee 19.0 1? Cream one. 41.0 5.3 
(Creams eee 20.0 aa Creammnsee 42.0 Ip, Pe 
Creamer 21.0 7.0 Creamer 43.0 5.1 
@ream's. eee 22.0 7.0 Cream....... 44.0 5.0 
Creamery 23.0 6.9 @reameeeeeae 45.0 4.9 
Creamneeeee 24.0 6.8 Greamene nares 46.0 4.8 
Crean 25.0 6.7 Cream...... 47.0 4.7 
@reamenereee 26.0 6.6 C@reampnenee 48.0 4.6 
Cream=en eee 27.0 6.5 Creamenrnes 49.0 4.5 
Creamenn eee 28 0 6 4 Cream. eee 50.0 4.5 
Creamer 29.0 6.3 


* Taken in part from Farrington and Woll. 


+ For all practical purposes, only the nearest tenth per cent of milk solids-not-fat may be used. 
} This small amount of fat is not given consideration. 
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Case I. Milk, Cream, Condensed Skim.—Several different combina- 
tions of ingredients are used in ice cream, the most common one being 
milk (or skim milk), cream -(or butter), and plain condensed skim, This 
combination is treated first and called Case I. 

Let M = No. lbs. of mix; 

a = % fat in milk;? 

b = % fat in cream or butter; 

¢ = % M.S.N.F. (milk solids-not-fat) in condensed skim ;3 
d = % M.S.N.F. in milk or skim milk; 

e = % M.S.N.F. in cream. 


The sugar, gelatin, and water make up 14.5% + 0.5% + 3.0%, or 
18% of the mix. 


Hence, 100% — 18% = 82% (or .82) of the mix consists of dairy 
products; namely, milk, skim milk, or butter and condensed skim. 


Now, let X = No. lbs. of “a” % milk required; 

Y = No. lbs. of “b”’.% cream required; 

Z = No. lbs. of ‘‘c’? % condensed skim required. 
Then the formule are as follows: 


10(6 — a) + 10.5(d — e) — .82(bd — ae) 


— M: 
4 c(b — a) — (bd —- ae) es 
(10.5 — .82a)M + aZ 
a= ; 
b—a 
10.5M — bY 
= ee 


It should be remembered that bd means b times d, be — ae means to 
subtract a times e from b times d, etc. 10(6 — a) means to subtract a 
from 6 and multiply the difference by 10, ete. 

Next, an example is worked out showing how to substitute in the 
formule, and then a shorter solution of the same example is given. 
Afterward the corresponding rules are stated, pages 142 to 143. 

Examp te IA (Milk, Cream, and Condensed Skim).4—Using standard 
mix with ingredients having the following composition to make 1000 lbs. 
of mix: 

Milk, 4% fat 
Cream, 35% fat 
Condensed skim, 32% M.S8.N.b- 


2 Thus if 4 per cent milk is used, a = 4. 

3 Thus if 32 per cent condensed skim is used, c = 32. 

4The examples are numbered according to Cases; e.g., in Case I there are 
problems IA, IB, IC, ete. 
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Thus: 


3 
From table d=8. 
e=5 


Then, substituting these numbers in the formula for Z, 


pS UCE ors 10.5(8.8 — 5.8) — .82(35 X 8.8 — 4 X 5.8) 


x 1000 
32(35 — 4) — (85 X 8.8 — 4 X 5.8) 


Z 


_ 10 X 31 + 10.5 X 3.0 — .82(308.0 — 23.2) 
Ss 32 < 81 = 284.8 


x 1000 


5 — 233.5 108.0 
BE Feb A noe = 1008 
992 — 284.8 707.2 


152.7 lbs. condensed skim 


lI 


Now, substituting in the formula for Y, we have 


_ (10.5 — .82 X 4) X 1000 + 4 xX 152.7 


i 
35° — 4 


_ 7220 + 610.8 _ 7830.8 
2 31 Ot 


= 252.6 lbs. of cream 


To find X, we have 


Preliminary Check: 
10.5 X 1000 — 35 & 252.6 Total Dairy products= 


xX Fi .82 X 1000 lbs. = 820 lbs. 
152.7 
10,500 — 8,841 , 
= = 414.8 lbs. of milk 252.6 
4 414.8 
820.1, Check 


The complete ‘‘check”’ follows:° 


10.5% of 1000 Ibs. = 105 Ibs. of fat required 


In this case there are only two sources of fat, namely, milk and cream. 


4% of 414.8 lbs. = 16.59 lbs. fat from milk. 
35% of 252.6 lbs. = 88.41 lbs. fat from cream. 


105.00 lbs. of fat altogether, which ‘‘checks”’ with the 
fat required. 


5 It must be noted that the preliminary check given above is nota perfect “check,” 
since the amounts obtained for all the different ingredients might be wrong and yet 
they might total 820 Ibs. Hence, the more complete check should always be used. 
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The M.S.N.F. = 10% of 1000 Ibs. = 100 lbs. required. There are 
three sources of M.§.N.F. in this case, namely: milk containing 8.8% 
cream containing 5.8%, and condensed skim containing 32%. 

8.8% of 414.8 = 36.50 lbs, = M.S.N.F. from milk 

5.8% of 252.6 14.65 lbs. = M.S.N.F. from cream 

32% of 152.7 48.86 Ibs. = M.S.N.I*. from condensed skim. 
100.01 Ibs.  ‘‘checking” the M.S.N.F. 

The sugar, gelatin, and water for gelatin must be calculated in 
addition. Thisisasimple procedure. Muitiply 1000 (the desired pounds 
of mix) by the percentage of sugar desired, 14.5. This gives 145, the 
pounds of sugar needed. The same simple method applies to the calcula- 
tion of the 0.5% gelatin and the 3.0% of water for hydrating the gelatin. 

This solution may seem long, because the substitutions have been 
made at length in the formule and all the steps in the process shown. 
After working out a few mixes in this way and being sure of the meaning 
of the formule, the shorter form given below should be used: 

The formule or rules should be kept where they may be referred to 
quickly and the given numbers written down, as shown here. 

To find Z: 


il 


35 
xX 8.8 
280 
280 
M = 1000 5.8 
gee hy 308.0 ae = X4 
eee 3-4 ane Si 23.2 
c—— 2 Bu ——-- 
i oe oT « 10 284.8 = bd —ae 
an EY ee a x .82 
=—__—_—_—___— 310 
WO S< Ses BIN coscosoocene Sees 22,784 
~ 570 Zs 
341.5 —— 
1 DR EWIM Gh 00 230.0% 
108.0 
* Contracted multiplication. 
c(b — a) = 3l 
Koy 
992.0 
' bd — ae = 284.8 
ZOTEo eee 707.2)108.0(.1527 Ibs. 


1000 X .1527 = 152.7 lbs. condensed skim or Z, 
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A Woyu share le 
.82 
x 4 
—- 10.5 
820 =o econ eee — 3.28 
7.22 x 1000 = 7220.0 
aZ = 4 >< 152.7 = C108 
31)7830.8 (252.6 lbs. cream or Y. 
To find X: 


10.5 < 1000 = 10,500 
35 X 252.6 = 8,841 
4) 1,659(414.8 Ibs. milk, or X. 


Hint: Study the short solution given above in connection with the 
rules. 


Rule 1.—For finding Z, the amount of condensed skim. 

Step 1.—Subtract the per cent of fat in the milk from the per cent of 
fat in the cream: 35 — 4 = 31. 

Step 2.—Multiply the result of Step 1 by the per cent of M.S.N.F. 
in the mix: 10 X 31 = 310.0. 

Step 3.—Subtract the per cent of M.S.N.F. in the cream from the 
per cent of M.S.N.F. in the milk: 8.8 — 5.8 = 3.0. 

Step 4.—Multiply the result of Step 3 by the per cent of fat in the 
mix: 10.5 X 3.0 = 31.5. 

Step 5.—Add the results of Steps 2 and 4: 310 + 31.5 = 341.5. 

Step 6.—Multiply the per cent of M.S.N.F. in the milk by the per 
cent of fat in the cream: 35.0 X 8.8 = 308.0. 

Step 7.—-Multiply the per cent of M.S.N.F. in the cream by the per 
cent of fat in the milk: 4.0 X 5.8 = 23.2. 

Step 8.—Subtract the result of Step 7 from the result of Step 6: 
308.0 — 23.2 = 284.8. 

Step 9.—Multiply the result of Step 8 by the per cent, expressed as 
a decimal, of dairy products in the mix (for standard used): .82 X 
284.8 = 233.5. 

Step 10.—Subtract the result of Step 9 from the result of Step 5: 
341.5 — 233.5 = 108.0, which is the numerator of the formula. 

Step 11.—Multiply the result of Step 1 by the per cent of M.S.N.F. 
in the condensed skim: 32 X 31 = 992.0. 

Step 12.—Subtract the result of Step 8 from the result of Step 11: 
992.0 — 284.8 = 707.2. 

Step 13.—Divide the result of Step 10 by the result of Step 12: 
108.0 + 707.2 = .1527. 
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Step 14.—Multiply the result of Step 13 by the number of pounds in 
the mix: 1000 X .1527 = 152.7 lbs. of Condensed Skim Required. 


Rule 2.—For finding Y, the amount of cream required. 

Step 15.—Multiply the per cent of fat in the milk by the per cent, 
expressed decimally, of dairy products in the mix: .82 X 4.0 = 3.28. 

Step 16.—Subtract the result of Step 15 from the per cent of fat in 
tne mix: 1075 =3528 = 7-22. 

Step 17.—Multiply the result of Step 16 by the number of pounds in 
the mix: 1000 X 7.22 = 7220. 

Step 18.—Multiply the result of Step 14 (the amount of condensed 
skim required) by the per cent of fat in the milk: 4.0 X 152.7 = 610.8. 

Step 19.—Add the results of Steps 18 and 17: 7220.0 + 610.8 = 
7830.8. 

Step 20.—Diyide the result of Step 19 by the result of Step 1 (Rule 
1): 7830.8 + 31 = 252.6 lbs. of Cream Required. 


Rule 3.—For finding X, the amount of milk required. 

Step 21—Multiply the per cent of fat in the mix by the number of 
pounds in the mix: 1000 X 10.5 = 10,500. 

Step 22.—Multiply the result of Step 20 (the amount of cream 
required) by the per cent of fat in the cream: 35.0 X 252.6 = 8841.0. 

Step 23.—Subtract the result of Step 22 from the result of Step 21: 
10500 — 8841 = 1659. 

Step 24.—Divide the result of Step 23 by the per cent of fat in the 
milk: 1659 + 4.0 = 414.8 lbs. of Milk Required. 


Checks: Check the results in the manner shown on page 140, which 
is, briefly, as follows: 

Find the amount of fat and M.S.N.F. required for the mix, according 
to the standard used. Then find the amount of fat in the results obtained 
for all three ingredients, condensed skim, cream, and milk. These 
should agree closely with those required for the total mix. 

Examete IB (Cream and Condensed Skim only).—This is a simple 
mix, short and fast; and the correct results are obtained on the first 
calculation. To make 1000 lbs. of mix, using only cream and condensed 
skim (no whole milk) so that a = 0 and d = 0: 

This problem comes under Case I, since h and k do not appear; and 
the formule for Z and Y become: 


a=0 = 40 c = 30 d=0 e= 54 
1 


106 — 10.5 
= Pe aaa x M; Y= 


VA pias set 
cb b 
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Finding Z: Finding Y: 
5.4 40 10.5 X 1000 = 10,500 
103 30 10,500 +40 = 262.5 lbs. cream 
40 —- 
x10 540 1200 denominator < 285.8 lbs. skim 
=, 27 “a 
400 seeeSSee 
Gore 567 548.3 lbs. dairy products 
343 +1200 = . 2858 


1000 X . 2858 = 285.8 Ibs. condensed skim 


But, since only 18% of the mix is accounted for in the sugar, gelatin, 
and water, we must still account for 82% of it, or 820 lbs. Hence, we 
must add water enough to make this amount: 


820 
548.3 


271.7 lbs. water to be added. 


EXAMPLE IC (Maximum Amount of Cream).—The maximum amount 
of cream will be used, assuming cream to be the only source of fat, and 
this problem is solved in Example IA above. Of course, if the cream is 
very rich, say 30 to 40%, water will have to be added. Example IB 
shows how to compute the amount of cream and condensed skim and 
how to find the amount of water to be added. 

Case II. Milk, Cream, Condensed Product.—This is the most 
general case treated. Besides the ingredients considered in Case I, it 
involves the use of plain condensed whole milk, sweetened condensed 
whole milk, or sweetened condensed skim. The letters a, b, c, d, and 
e are used with the same significance as in Case I. 

But, since there may now be another source of fat (the condensed 
whole milk) and another source of sugar (the sweetened condensed, 
either whole or skim) the formule must provide for these also. Hence, 


Let h = % of fat in the plain condensed or sweetened condensed 
whole milk, if either of these be used. Otherwise, h = 0. 

Let K = 100% less the % of sugar in the sweetened condensed whole 
or skim, as the case may be. Thus, if the sweetened 
condensed contains 42% sugar, k = 100% — 42%, or 
. 58. 

As in Case I: 


X = No. lbs. of a% milk required. 
Y = No. lbs. of b% cream or butter required. 
Z = No. lbs. of c% condensed product required. 
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The General Formule follow: 


_ 10(6 — a) + 10.5(d — e) — .82(bd — ae) 
eG — a) hg 2) = kbd= ae) eee 


e (10.5 — .82a)M + akZ — hZ 
a b—a 


ne 


_ 10.5M — bY — AZ 
a 


xX 


ExampLe IIA (Milk, Cream, Sweetened Condensed Skim).—Using 
standard mix with ingredients having the following composition and 
computing at 1000-Ib. mix: 


Milk, 4%. 

Cream, 40%. 

Sweetened condensed skim milk, 32% M.S.N.F. 
(Cane) sugar, 42%. 


Thus 

M = 1000 

a=4 

b = 40 

c = 32 

a=86 

e = 5.4 

h = 0 (since the fat in the skim milk is practically zero) 


k = 68 (= 100% — 42%) 


Computing Z first: 


Pe 10(40 — 4) + 10.5(8.6 — 5.4) —.82(40 X 8.6 — 4 X 5.4) < 1000 
~  32(40 — 4) + 0(8.6 — 5.4) —.58(40 X 8.6 — 4 X 5.4) 


10.5 X 3.2 — .82 X 322.4 
ee a ses x 1000 
32 X 36 + 0 — .58 X 322.4 


.6 — 264.4 129,200 
= eee 1000 = ——— = 133.9 lbs. of Sweetened Condensed 


a 


EERE TE Skim. 


_ (10.5 — .82 x 4) X 1000 +4 X .58 X 133.9 — 0 X 133.9 
fe 40 — 4 


7220 + 310.6 —0 7530.6 
= ae = 2 


= 209.2 lbs. Cream. 
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Condensed computation of Example IIA. 


(Notre. The steps are performed in order according to the formule.) 


Solving for Z first: Finding the value of the denom- 
8.6 8.6 inator: 
—5.4 x40 5.4 36 Since any number times zero is 
40 x4 «32 zero the second term of the 
aoe 3.2 344.0 —— | — denominator is zero. 
— X10 ol On eran 21.6 72 The third term is .58 times the 
36 oar ts 108 bd—ae already found, i.e., 
x10 320 322.4=bd —ae — .58X322.4=187.0. 
16 x. 82 1152 
360 
8.0, oo0 6 33.6 25,792 
645 1152 —187 =965, the denominator 
393.6 
DOG ante Neopets 264.37 


129.2 numerator of formula 


Dividing the numerator by the denominator, 


129.2 + 965 = .1339 
1000 X .1339 = 133.9 lbs. Sweetened Condensed Skim. 


Solving for Y: Solving for X: 
.82 10.5 
x4 1000 209.2 
== 10.5 ae 
Sto a ocak —3.28 10,500.0 x40 
zante" 8 S08: Och cea cana 8368.0 
9 = 72° Naa ee 
* 7.22 X 1000 = 7220 4) 2,132.0 
; 533 Ibs. of Milk. 
x4 
133.9 
— 133.9 x0 
PARP Ae So Oe «2.32 
40 310.6 00000 
—4 7220.0 
“36 )7539.6(209.2 Ibs. of 


Cream 
Check as before. 
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Preliminary ‘‘check”’: 


533.0 Ibs. milk 
209.2 Ibs. cream 
133.9 lbs. sweetened condensed skim 

35.0 lbs. gelatin and water 

88.8 Ibs. sugar to be added (since the tota: amount of sugar is 145 Ibs. and 
the 133.9 Ibs. of condensed skim contains .42 < 133.9 or 56.2 
99.9 Ibs.) 145 — 56.2 = 88.8 


The caution given in the footnote on page 140, about checking the 
results, should be heeded here also. 
The complete check follows: 


As in the “check” for Example 1, 
10.5% of 1000 lbs. = 105 lbs. of fat required. 
The sources of fat are the 4% milk and the 40% cream. 


4% of 533.0 lbs. = 21.32 Ibs. fat from milk 
40% of 209.2 lbs. = 83.68 lbs. fat from cream. 


105.00 Ibs. total fat, which checks. 
10% of 1000 = 100 lbs. of M.S.N.F. required. 


The sources of M.S.N.F. are 8.6% from milk, 5.4% from cream, and 32% 
from sweetened condensed skim. 


8.6% of 533.0 lbs. = 45.84 lbs. M.S.N.F. in milk. 
5.4% of 209.2 Ibs. = 11.30 lbs. M.S.N.F. in cream. 
32% of 133.9 Ibs. = 42.75 lbs. M.S8.N.F. in sweetened condensed. 
99.89 Ibs. total M.S.N.F., which checks the required 
100 lbs. near enough. 


(It is probably superfluous to state that carrying the results out 
further would give a still closer check.) 
ExampLe IIB (Milk, Cream, Plain Condensed Whole Milk).—To 
make 1000 lbs. of standard mix with the following ingredients: 
Milk, 3.4% fat 
Cream, 38% fat 


8% fat 


Plain condensed whole milk { 23% MS.NF. 


This example comes under Case IJ, but since the plain condensed 
whole milk contains no sugar, k = 100% — 0% = 1, so that the last 
term in the denominator of the formula is just 1(bd — ae) = bd — ae. 

In this mix there are three sources of fat and three sources of 
M.S.N.F. The greater the number of sources of fat and solids, the more 
difficult the “trial and error’? method becomes. 
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Henceforth, only the short form of the solutions will be given. 
Finding Z first, from table: 


a= 3-4 38 
b = 38 <8.7 
c = 23 ssa 
d = 8.7 (Since 3.4 milk is nearly 3.5) bd = 266 
e=5.5 304 
2 8 
k Cay 1 330.6 
3.4 
<5.5 
ae= 170 
170 
8.7 aa 
5D 18.70 
pte GM { 38.0 —— 
3.4! 3.2=d—e 330.6 
103 —18.7 
34.6 — —_——— 
x10 32 311.9 =bd—ae 
16 ao 
346 —— a 
+383.6.....3 S30 24,952 
: 624 
379.6 Seen, 
mr DOORN ats cic EM MNS ORT a ratte he 255.76 
Numerator = 123.8 
b—a= 34.6 
Cc x23 
1038 
692 


c(h—a) =795.8 


d—e= 3.2 
h= xX8 
Dividing numerator by h(d—e)= 25.6 } ae 
denominator, c(b—a) =795.8 
123.8 + 509.5 = .2430 ee 
1000 pe 243 = 243 lbs. k(bd --ae) =311.9 since jeeaih 


‘Condensed Milk = Z 


509.5 denominator 
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Finding Y: Finding X: 
a— soe: 243 10.5 <1000=10,500 
x .82 «3.4 190.52 
——— x38 
2.72 akZ = 972 a 
ji 729 57,156 
ee 15,242 
27 826.2 
1605 ee 7,239.8 
T71 z= { 243 10,500.0 
1000 | xs 7,239.8 
7710.00 air 1944 3,260.2 
826.00 J * 
akZ = 8536.0 \ sub to hZ =3260.2 
1944.0 : 1944 


hZ= 6592.0=numerator 


3.4)1316.2(387.1 Ibs. Milk 


b — a = 34.6 = denominator 
6592 + 34.6 = 190.52 lbs. Cream 


Preliminary check: 


.82 < 1000 = 820 lbs. dairy products. 


243.0 
190.5 
387.1 


820.6 which checks nearly enough 


Complete check: 


3.4% of 387.1 Ibs. 
38% of 190.5 lbs. 
8% of 243.0 Ibs. 


13.16 lbs. fat from milk 
72.40 lbs. fat from cream 
19.44 lbs. fat from condensed milk 


ll 


105.00 check. 


10% of 1000 lbs. 100 Ibs. M.S.N.F. required. 


Three sources; 8.7% in milk, 5.5% in cream, and 23% in condensed whole 
milk. 


8.7% of 387.1.lbs. 
5.5% of 190.5 lbs. 
23% of 248.0 lbs. 


33.67 lbs. from milk 
10.48 lbs. from cream 
55.89 Ibs. from condensed whole 


100.04 check. 


150 CALCULATION OF THE ICE CREAM MIX 


The most general problem under Case II arises when sweetened 
condensed whole milk is used. Then both h and k have special values 
in the formule. 

Examp.eE IIC (Milk, Cream, and Sweetened Condensed Whole Milk).— 
To make 1000 lbs. of standard mix using: 


8% fat 
Sweetened condensed whole 23% M.S.N.F. 
40% sugar 


Milk 4% 

Cream 35% 
nae. 

= RS 

c= 23 
G) == Shs} 

Frum Table & ere 
h= 8.0 


k = 100% — 40% = .60 
Substituting in the general formule of Case II, page 145: 


_ 1085 — 4) + 10.5.8 — 5.8) —.82(85 X 8.8 —4 X58) 
23(35 — 4) + 8.0(8.8 — 5.8) —.60(35 X 8.8 — 4 X 5.8) 


x 1000 


Notre. The numerator for Z is the same as in Example 1, page 140 and, hence, 
equals 108.0. 


For the denominator: 


35 
is oe { -4 
eee 35 
31 5.8 8.8 
23 
= 3.0 280 
93 x8 280 5.8 
62 — x4 
= 24.0 308.0 
TiS toes ve 713.0 2502 ae 222 
737.0 284.8 
60 
170, 0th ene 2 170.88 


566.1 = denominator 


108.0 + 566.1 = .1908 
1000 X .1908 = 190.8 lbs. Sweetened Condensed Whole 


4 (10.5 — .82 x 4) x 1000 + 4 x .60 x 190.8 — 8 x 190.8 
35 — 4 


NM” 
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82 
x4 190.8 
———— x .6 
3.28 
10.5 114.48 
a4 
7.22 X1000= 7220.0 
ie At fat! aon asaieenec 457 .92 190.8 
7677.9 x8 
ee Pomme Soman onto one Ore 1526.4 


31)6151.5(198.4 Ibs. Cream 
_ 10.5 ¥ 1000 — 35 x 198.4 — 8 x 190.8 


x 
4 
198.4 
35 
10.5 
1000 5952 
SSS 992 
10500 .0 
6944 Seer sities 6944 190.8 
x8 
3556 ea 
WD 2 Gert trots ersnes\ vee sais dyes aceears 1526.4 
4)2029.6 


507.4 lbs. Milk. 


Check.—Here the sweet condensed whole includes sugar equal to 
40% of 190.8 or 76.32. Hence, only 190.8 — 76.3 or 114.5 lbs. of it 
is strictly ‘dairy products.” 

Miscellaneous.— Under this head are classed those problems in which 
some of the ordinary ingredients are missing or given amounts of some 
of them are used, 

114.5 + 198.4 + 507.4 = 820.3 lbs., which checks the 820 lbs. dairy 
products required 
4% of 507.4 = 20.30 Ibs. from milk 
8% of 190.8 = 15.25 lbs. from sweet condensed whole 
169.44 lbs. cream 
105.00 lbs., which checks fat needed 
8.8% of 507.4 = 44.65 lbs. from milk 
23% of 190.8 = 43.88 lbs. from condensed whole 
11.51 lbs. from cream. 


100.04 lbs., which checks M.S.N.F. needed. 


35% of 198.4 = 


5.8% of 198.4 = 
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Examp.e IITA (Condensing Ingredients Added to the Pan and Con- 
densed). Where proper facilities are available, ice cream mixes are some- 
times made by the vacuum-pan method. Mojonnier and ‘Troy make 
the following statement with regard to this process: 

By the process a superior quality product can be obtained, besides 
the numerous economic advantages. The temperatures during no part 
of the operation are allowed to exceed 140° F., so that the natural flavors 
are fully retained. The temperature used in condensing the mix is the 
same as that used in pasteurizing, therefore the pasteurizing and con- 
densing are combined in one operation. The principles involved are 
the same as in the case of other dairy products. The whole milk, butter 
or cream, sugar and the gelatin are all added in the hotwells, and con- 
densed together in the vacuum pan.® 

The authors did considerable work by this method at the California 
station and obtained an excellent grade of ice cream, giving special 
attention to the condensing pan. The quality of the cream was in no 
way superior, though it was equal to the product made by condensing 
only the skim-milk and preparing the mix in the usual way. 

The mix is first made up larger than it should be finally, and is then 
condensed. Since no condensed product enters into this mix, there is 
no formula for Z. The formule for X and Y follows: 
iy 10b — 10.5e 10.5d — 10a 
my thbd. =e oF bd — ae 
where the letters have the usual meanings, as explained on page 139. 

To make 1000 lbs. of standard mix, using 4% milk and 40% cream 
and condensing down, thus: 

a=4 d = 8.8 
= 40 e = §.35 
c = 0 (does not appear) 
Substituting in the formule for X and Y: 


or 


x M x M 


\ From Table 


10 X 40 — 10.5 X 5.35 400 — 56.17 
Sea per eae nN emer re Neh 
— 343.88 1000 = 1040 Ibs. Milk 
330.6 
10.5 X88 —10 x4 92.4 — 40 
Wo 330.6 > 000n= 330.6 x 1000 
52.4 
= 330.6 X 1000 = 158.5 lbs. Cream 


1040 Ibs. milk 

158.5 lbs. cream 

180 lbs. sugar, gelatin and water (= 18% of 1000 Ibs.) 
1378.5 total to be condensed down to 1000 lbs. 


® Moyjonnier and Troy, Technical Control of Dairy Products, pp. 717-718. 
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Example IVA (Cream, Skim and Condensed Skim).—To make 1000 
lbs. standard mix with the following ingredients: 


30% cream. 
Plain skim, 8.9% M.S.N.F. 
32% condensed skim. 


The formule of Case I, page 189, are used, where the skim milk 
takes the place of the whole milk. 
Hence, 


oi 
wo 9 
=) 


The formule become: 


10b + 10.5(d — e) — -82hd 


b(c — d) au 


Z 


X = 82M —(Y +2). 
Substituting in the formule, 
_ 10 X 30 + 10.5 x 2.7 — .82 X 30 X 89 


Z x 1000 
30(32 — 8.9) 
10.5 82 
27 30 
30 ee ae as 32.0 
10 735 24.60 8.9 
——— . 210 8.9 Shee 
300 Seats ee aml 
DOCSh a tat 28.35 2214 x30 
1968 eps. 
328.35 See Denominator 693.0)109.41(.1579 
DS COLE eases eet ote ee 218 .94 
————— 1000  .1579 = 157.9 or 158 ibs. Con- 
109.41 numerator densed Skim. 
Finding Y: 
10.5 1000 10,500 
a= Ea at = — = 350 lbs. Cream 
30 30 
350 .82 < 1000 = 820 
+158 X = 820 — 508 = 312 lbs. Skim 


508 lbs. 
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Check: 30% of 350 lbs = 105 lbs. fat from cream, which checks, as 
the cream is the only source of fat. 


6.2% of 350 lbs. = 21.70 from cream. 
M.S.N.F. | 8.9% of 312 lbs. 27.77 from skim. 
32% of 158 lbs. = 50.56 from condensed skim. 


100.03 Ibs. total, which checks 100 lbs. required. 


Examp_e VA (Left-overs).—A plant may have a certain amount of 
cream or milk, or both, left over, which must be used in the mix. 
To make 1000 lbs. standard mix using: 


60 lbs. left-over 35% cream, 
50 lbs. left-over 20% cream, 
150 Ibs. left-over 4% milk, 


and enough 3.8% milk and 40% cream and 30% condensed skim to make 
the mix. It is necessary to find first how much fat and M.S.N.F. are 
contained in the milk and cream left over, which must go into the mix. 


35% of 60 lbs. = 21.0 lbs. of fat from cream, 
20% of 50 lbs. = 10.0 lbs. of fat from cream, 
3.8% of 150 lbs. = 5.7 lbs. of fat from milk. 


36,7 lbs, fat accounted for, 


10.5% of 1000 = 105.0 lbs. fat required altogether. 
105.0 lbs. — 36.7 = 68.3 lbs. still needed. 
68.3 + 1000 = .0683 or 6.83%; that is, the fat still needed equals 
6.83% of the 1000 Ibs. mix. 


Hence, the 6.8% (close enough) takes the place of the old 10.5 in 
the formule of Case I. 
Similarly, for M.S.N.F., 


5.8% of 60 lbs. = 3.48 M.8.N.F\ from cream. 
7.1% of 50 lbs. 3.55 M.S.N.F. from cream. 
8.8% of 150 Ibs. = 13.20 M.S.N.F. from milk. 


iT 


20.23 = M.S.N.F. accounted for, 


10% of 1000 lbs. = 100 Ibs. M.S.N.F. required altogether. 
100 — 20.23 = 79.77 or 80 lbs. M.S.N.F. still needed. 
80 + 1000 = .080 or 8%, 


| 


Hence, the 8.0 takes the place of the old 10 in the formule. 
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Now, as usual with the standard mix, 82% of it consists of dairy 
products amounting to 820 lbs. The 60 + 50 + 150 to be used amounts 
to 260 lbs. 

Hence, 820 lbs. — 260 Ibs. or 560 lbs., equals the amount still needed. 
560 + 1000 = .56, which takes the place of the old 0.82 in the formule. 

Hence, the formula for Z, Case I, page 189, is: 


_ 8.(h — a) +6.3(d — e) — .56(bd — ae) 


2 c(b — a) — (bd — ae) meu 
(6.8 — .56a)M + aZ 
WZ SS SS SS 
b-—a 
6.8M — bY 
LC SSS 


a 


The problem now is to find how much of the 3.8% milk, 40% cream, 
and 30% condensed skim must be used to make up the 560 lbs. still 
needed. This is done by substituting the proper values of a, b, ete., in 
the formule as written above. 

In this particular example; 


Gh = Boke 8.8 
b = 40 eh Seo 
c = 30 bd= 
irons 352.0 
From Table ie = 5.35 
a= { 5.35 
X3.8 
1605 
428 
8.80 
. 
Hep ae lee 20.33 
Hoe 3.45 352.0 
x6.8 —20.3 
36.2 
x8 2070 331.7=bd—ae 
a 276 xX .56 
289.6 
ee Wiscetyare's 23.46 16585 
1990 
313.1 
US Ded erent leita ccerrererecoereterers 185.75 


127.35 = numerator 


156 CALCULATION OF THE ICE CREAM MIX 


Finding denominator: 


Mi hae ee 


x30 


1086.0 - 
bd — ae = 331.7 


754.3 = denominator. 
(127.35 + 754.3) 1000 = 168.8 lbs. Condensed Skim Required 
Finding Y: 


56 168.8 
3.8 3.8 
168 5064 

45 1350 
2.13 O41 Aner 
6.80 
2.18 


4.67 X 1000 = 4670.0: 
O41 4 


b — a = 36.2)5311.4(146.7 lbs. Cream 


Finding X: 
6.8 X 1000 = 6800.0 
bY = 40 X 146.7 = 5868.0 
6800.0 
— 5868.0 
3.8) 932.0(245.3 lbs. Milk 
245.3 
146.7 


Check 4 168.8 


560.8 lbs., which checks the 560 lbs. needed (near enough) 


Fai { 40% of 146.7 = 58.68 from cream 
3.8% of 245.3 = 9.32 from milk 


68.00 total, which checks the 68.3 lbs. needed: 


30% of 168.8 = 50.65 lbs. from skim 
5.385% of 146.7 = 7.85 lbs. from cream 
8.8 % of 245.3 = 21.60 lbs. from milk 


80.10 lbs. total 
M.S.N.F. which checks the 80 Ibs. needed. 
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EXAMPLE VIA (Using a Given Amount of Sweet Butter and Cream).—- 
To make 1000 lbs. of standard mix, using: 


100 Ibs. sweet butter, 83% fat, 


50 Ibs. 25% cream with enough 40% cream (no whole milk) and 32% con- 
densed skim to make the mix. 


It is necessary first to find how much fat and M.S.N.F. the given 
ingredients contain, then to find how much must be furnished by the 
unknown 40% cream and condensed skim. 


83% of 100 lbs. = 83 Ibs. fat in the butter 
25% of 50 lbs. = 12.50 lbs. fat in the 25% cream 


95.5 Ibs. fat in both 


10.5% of 1000 lbs. = 105 Ibs. in the mix 
105 — $5.5 = 9.5 lbs. fat still needed 


Since this 9.5 lbs. of fat is to come from 40% cream, 9.5 + 0.40 = 
23.75 Ibs. of 40% cream needed 


100 + 50 + 23.75 = 173.8 lbs. total cream and butter. 


Now, in order to use the formule, it is necessary to find what this 
cream and butter test, both in fat and M.S.N.F. 


105 + 173.8 = 60.4% fat = b in the formula. 


The 25% cream tests 6.68% or 6.7% M.S.N.F. by the table and the 40% 
cream tests 5.35%. 


6.7% of 50 lbs. = 3.35 lbs. M.S.N.F. in 25% cream 


5.35% of 23.78 = 1.27 lbs. M.S.N.F. in 40% cream 


Total = 4.62 lbs. M.S.N.F. in cream and butter. 


Now, since no milk is used, a and ¢ are zero (= 0). 
Hence, 


o a9 Oo 8 
ll 


| 
1) 
(or) 
Or 


Y, the cream and butter, is already known, namely 173.8 lbs., and 
the formula for Z becomes: 


10b — 10.5e 
| Fai, ih esas 


M 
cb a 
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Substituting the new values of b and e in the formule for Z, 


_ 10 X 60.4 — 10.5 X 2.65 


as 32 x 60.4 ee 
26.5 60.4 . 
103 32 

60.4 — = 

10 26.5 1208 

132 1812 

604.0 -__— 

DES2 wae 27.82 1932.8 = denominator 


Numerator 576.18 


76.18 + 1932.8 = .298 
1000 X .298 = 298 lbs. condensed skim 


Check as usual. 


EXAMPLE VIIA (Given Amounts of Two or More Ingredients).—This 
is a special problem in which given amounts of two or three ingredients 
are used, and which can be solved without either the algebraic formulz 
or the trial and error method. 

To make 1000 lbs. of standard mix with the following given amounts 
of milk and cream: 


200 Ibs. of 4% milk 
100 Ibs. of 8% milk 


100 Ibs. of 35% cream and enough 40% cream and 30% skim to make 
the mix. 


Solution: 


i 


A% of 200 lbs. 8 Ibs. fat 
3% of 100 lbs. = 3 lbs. fat 
35% of 100 Ibs. = 35 lbs. fat 


Il 


46 Ibs. fat in given ingredients. 


105 Ibs. — 46 lbs. = 69 Ibs. fat still to come from 40% cream 
69 + .40 = 172.5 lbs. of 40°%% cream needed. 


8.8% of 200 lbs. = 17.6 lbs. from 4% milk 

8.6% of 100 lbs. = 8.6 lbs. from 3% milk 

5.8% of 100 lbs. = 5.8 lbs. from 35% cream 
5.35% of 172.5 lbs. = 9.2 lbs. from 40% cream 


41.2 lbs. provided for. 


100 Ibs. — 41.2 = 58.8 Ibs. M.S.N.F. still to come from condensed 
skim testing 30%. 58.8 lbs. + 0.30 = 196 Ibs. Condensed Skim. 


_ ~  —_—Z 
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Hence, 172.5 lbs. of 40% cream and 196 Ibs. of condensed skim are 
needed in addition to the given ingredients. 

Exampie VIIA. Other Standards——The formule and rules given 
above can be applied to standard mixes other than the one used thus 
far in this chapter. 

Example; To make 1000 lbs. (or any other amount) of mix which 
shall contain the foliowing: 


12% fat 

11% M.S.N.F. 

14°% sugar 

0.5% geiatin with no water 


14% sugar + 0.5% gelatin = 14.5% 


Hence, the dairy products must constitute 100% — 14.5% = 85.5%, 
or .855 of the mix, and tne numbers 12, 11, and 0.855 simply take the 
place of 10.5, 10 and 0.82 in the formule of Case I and Case II. Thus 
the formule of Case I become: 


’ 11(6 — a) + 12(d — e) — .855(bd — ae) me 
= c(b — a) — (bd — ae) = 


Z 


M 
where a, 5), c, etc., have the same meaning as in previous examples, and 
M is 1000 or 750 or any other amount of mix desired. 


(12 — .85a)M + aZ 
b—a 


_ (12M — bY) 
X= 
a 

The rules on pages 142 to 148 apply here also. 

Thus, in Step 2, the result of Step 1 is multiplied by 11 under this 
standard, instead of 10; and in Step 9, the result of Step 8 is multiplied 
by 0.855 instead of 0.82, and so on. 

Pearson Method.—Often the simplest method of calculating a new 
mix is to standardize the milk and cream to a definite percentage. No 
simpler and more accurate method can be used than that devised by 
Dr. R. A. Pearson some years ago, and known as the “rectangle” 
method. To use this method, draw a rectangle. At the upper left-hand 
corner place the percentage of fat in the cream to be cut down. At the 
lower left-hand corner put the percentage of fat in the milk used to reduce 
the fat in the cream. It may be that skim milk is to be used. In such 
a case, ‘0% fat’? would appear at this corner of the rectangle. In the 
center of the rectangle is placed the percentage of fat desired. Work 
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diagonally across the square, subtracting the smaller number from the 
larger, and record the differences at the opposite corners. 


For example: It is desired to reduce the fat in 42% cream to 35%, 
using 4% milk. 1000 lbs. of 35% cream is desired. 


42 31 


35 


Ty 
4 35 


7/38 X 1000 = Ibs. of 4% milk = 184.2 Ibs. 
31/38 x 1000 = Ibs. of 42% cream = 815.8 lbs. 


The same method can be used in standardizing milk, acid for testing 
dairy products, ete. 

In the above case, if only a certain quantity of cream is used and all 
is to be used, 31/38 would equal that amount. The same principle 
would apply to milk or any other product where similar standardization 
is involved. 

The mixes calculated by the algebraic method in the preceding pages 
may often be made use of, by standardizing the cream, milk, and con- 
densed (or whatever products may be used) to the percentages given. 
Illustrating the mix calculated on pages 139-140 for 1000 lbs., using: 


4% milk 
35% cream 
32% condensed skim 


in which it requires 414.8 lbs. of milk, 252.6 Ibs. of cream and 152.7 lbs. 
of condensed skim. The standard upon which this mix was made 
required 10.5% fat, 10% M.S.N.F., 14.5% sugar, and 0.5% gelatin. 

Assuming that the milk on hand tested 3.5% butterfat, the cream 
40% butterfat, and the condensed skim 35% total solids, and that skim 
milk is available for reducing the fat in the cream from 40% to 35%, 
the following simple calculation is sufficient: 


252.6 (lbs. of cream needed) X 35/40 = 221.02 lbs. of 40% 
cream required 
252.6 — 221.02 = 31.4 lbs. of skim milk required. 


POSSIBLE COMBINATIONS 161 


The same method applies in cutting the condensed from 36% total 
solids to 832% total solids. 152.7 (Ibs. of condensed needed) < 32/36 = 
135.7 lbs. of 836% condensed required. 


152.7 — 135.7 = 17.0 lbs. of water. 


In the case of the milk, the fat is to be increased from 3.5 to 4%. 
The Pearson method, already described, is a convenient one. 414.8 lbs. 
of 4% milk is needed, using 40% butterfat cream and 3.5% butterfat 
milk as the base. 


40 0.5 parts of 40% cream 


4.0 


tk gear ease Si ec a2 


3.5 36.0 parts of 3.5% milk 


36.5 common denominator 


fi) 
414.8 X —— = 5.68 pounds of 40% cream 
36.5 
36 409 . 22 
414.8 X = total. 
36.5 414.90 


The above calculations have been carried out in fractions of pounds. 
In actual practice the nearest pound would be accurate enough. Only 
in very small mixes would the test be affected. This method could be 
used for the cream and condensed instead of the one illustrated. 


CHAPTER VII 
PROCESSING 


Every ice cream manufacturer should have some standard for his 
product. Once a standard is selected, changes should be made only 
after mature deliberation. The adoption of a standard, however, by no 
means assures the quality of the product. It is only the first essential. 
The second is to secure the necessary ingredients of the right quality. 
The manufacturer must then see that these are properly combined 
according to the standard adopted, and then processed skillfully, keep- 
ing in mind the complexity of the product that is being built—one of 
true solutions, colloidal solutions, suspensions, and emulsions, having 
true, apparent and basic viscosity. The quality of the product is greatly 
affected by the chemical and physical treatment. Before processing can 
begin, certain determinations should be made, one of which is that of 
the acidity of the dairy products to be used. (See Acid Test.) 

Acidity of the Mix.—In years gone by, acid in the mix was considered 
desirable, and a small amount is usually present. Too much acidity is 
associated with poor quality of raw materials. The presence of an 
excessive amount does not necessarily mean off-flavors in the dairy 
products, but lack of care that permits the development of acid is usually 
accompanied by other forms of carelessness and, consequently, off- 
flavors are nearly always present. The amount of acid in the mix also 
depends upon the percentage of milk solids-not-fat that it contains. 
To set a standard amount of acid for each mix would be impossible, if 
the percentage of milk solids-not-fat varied, all other things being 
equal. Lactic acid, which is formed by bacterial action, is contained 
in the milk serum; therefore the percentage of fat in the product 
influences the amount of acid present. For that reason, the 35 per 
cent cream containing 5.8 per cent milk solids-not-fat contains less 
acid than does the whole milk from which the cream was obtained. 
Skim-milk, to be condensed in the pan, may have an acidity of 0.18 of 
1 per cent when drawn in; during the condensing process, the temper- 
ature is high enough to prevent further development, yet the acid will 
be much higher in the finished condensed. Lactic acid is only slightly 
volatile and is therefore concentrated along with the other solids, the 
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amount depending upon the degree of concentration. Skim-milk 
powder contains still more acid. The initial acidity may be quite 
accurately determined by figuring back from the degrees of concentra- 
tion, thereby gaining some insight into the original acidity of the 
product. Good mixed milk as received by a plant should contain not 
more than 0.16 per cent of acid. If special care is given in selecting and 
processing the dairy products, the ice cream mix should normally con- 
tain 0.018 per cent of acid for each per cent of milk solids-not-fat. A 
10 per cent milk solids-not-fat mix should, therefore, normally contain 
0.18 per cent of acid. It is quite difficult, however, in actual practice, 
to construct a 19 per cenit milk solids-not-fat mix and obtain much less 
than 0.20 per cent acid. 

With the following table, in terms of lactic acid, Dahle! illustrates 
the influence of the titratable acidity of the materials used upon the 
acidity of the mix. 


TABLE XXXV 


Acidity as 
. Per Cent | Pounds of | Acidity as | Determined 
quer eens Rounds Acidity Acid {Calculated} by Mann’s 
Test 
SOO ICTCAUO ae ete 381 0.1275 0.48577 
BING CORN ON 4 hoo on 218 0.115 0.25070 
Plain condensed skim 453 0.5205 2.27632 
Skim-milk.......... 472 0.2175 
URN Dn Se ba ee Doe 270 
Gelatina ax. etn 6 
Rotalieteeerieei NS ORE | serra es och 4.0394 0.2242 0.225 


This mix contained 10 per cent milk solids-not-fat. The acidity of 
the products used could well be considered average and of good quality, 
with the possible exception of the skim-milk. The table shows, as would 
be expected, that the acidity can be calculated from the ingredients 
used, to conform to the acidity of the combined ingredients. 

Some investigators claim that lactic acid tends to increase viscosity. 
P. H. Tracy? and B. Masurovsky? disagree as to the effect of lactic 


1 Dahle, C. D., Ice Cream Trade Journal, December, 1926, p. 49. 
2 Tracy, P. H., Ice Cream Review, April, 1926, p. 92. 
3 Masurovsky, B., Journal of Dairy Science, Vol. 6, p. 591, 1923. 
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acid on viscosity. Work done by the authors substantiates the conclu- 
sion of Tracy. Acid did not develop when the aging temperature was 
maintained at the proper degree, but viscosity developed even faster 
than when the duplicate mixes were held-at higher temperatures. (See 
Aging.) This is explained under the discussion of colloids. 

Too much acid decreases slightly the possible yield, although, under 
good practical processing conditions, more yield can be obtained than 
is necessary or desirable for good ice cream. In addition, the increase 
in acid produces a cream that is more open, rougher, and less resistant 
to heat. Neutralizing high-acid mixes (0.23 of 1 per cent or above) to 
0.2 of 1 per cent improved the texture and increased the resistance to 
heat. The resulting ice cream was closer in body. The most desirable 
product contained an acidity of 0.18-0.20 of 1 per cent. The milk 
solids-not-fat varied from 10 to 12 per cent. 

Effect of Neutralization.*°—Manufacturers have come to recognize 
the fact that too much acid is undesirable, and in some instances have 
used such reducing agents as sodium bicarbonate to standardize the acid 
to 0.18-0.20 of 1 per cent. Whether the acid is standardized or not, the 
pressure and acidity at which the mix is homogenized should have a 
certain definite relationship. The average acidity of some of the prod- 
ucts used in the manufacture of ice cream is as follows: 


TG Ne hg ote aor i Seccecie Setar as aa eee ee 0.16-0.18 per cent 
Risinecondensed:skimane gettin ee 0.5 -0.6 

BUEh eran eer eee et ee ear Alea ue tot 0.05-0.30 

Crean woes an erie Nae ce cpt Nae 0.11-0.15 

Blues cina=nii| aeons eee ey eee nae 0.16-0.20 
Sweetened condensed, whole........... 0.5 -0.6 
Sweetened condensed, skim............ 0.5 -0.6 
eliguadesemvblke JON A co ccnp mceonneseane Ie 


Two kinds of acidity are usually present in butter: true acidity 
(measured by hydrogen-ion concentration), and apparent acidity 
(measured by Mann’s Acid Test). The neutralizers generally allowed 
for these are calcium hydrate, milk of magnesium, sodium acid carbonate, 
sodium carbonate, and calcium carbonate. 

Turnbow and Milner* studied the effect of various neutralizers upon 
viscosity. 


3* The authors do not believe in or recommend the practice of neutralization to 
conceal inferiority in raw materials. The following discussion is presented for the 
sake of completeness. 

* Turnbow, G. D., and Milner, F, W., University of California Agr. Exp Sta. 
Unpublished work. 
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TABLE XXXVI 
Errict or NEUTRALIZATION UPON VISCOSITY 


F ee . . Final Gelatin Viscosity, 

Sample Acidity Neutralizer Neidieg Madéd Pies 
1 0.3862 Ca(OH)s 0.125 After Hom. 21.84 
2 0.358 MgO 0.195 After Hom. 15.6 
3 0.380 NaHCO; 0.240 After Hom. 14.5 
4 0.350 Na2CO3 0.200 After Hom. 20.2 
5 0.347 None 0.375 After Hom. 7.28 
a 0.240 Ca(OH). 0.120 Before Hom. 36.4 
b 0.255 MgO 0.170 Before Hem. 12.48 
c 0.460 NaHCO; 0.160 Before Hom. 13.0 
d 0.250 NaeCQOs; 0.160 Before Hom. 12.48 
e 0.241 Ca(QH). 0.140 Before Hom. 25.48 
f 0.235 MgO 0.165 Before Hom. 10.92 
g 0.250 WaHCOs; ORLoO Before Hom. 8.32 
NS) 0.205 None 0.205 Before Hom. 9.88 


The data show that the addition of a neutralizer to the ice cream 
mix has in every case brought about a change in viscosity. In sample 
No. 5, the acidity was allowed to develop and was not neutralized. The 
viscosity in this case was less than in the same mix, No. §, which was 
aged at a temperature that did not permit the acid to develop. In 
No. 5, the acidity tended to destroy the viscosity. It will be noted 
that in many cases the acid was reduced quite low, in fact so low as to 
injure the flavor of the product. In the following table® a wider range 
was allowed and the flavor was impaired only when the acidity was 
reduced below 0.18 of 1 per cent. 


TABLE XXXVII 
NEUTRALIZATION: AND VISCOSITY 


Sample Acidity Neutralizer eae oe bes Se 2 
1 0.250 Ca(OB)s 02125 Before 17.16 
2 0.242 MgO 0.1885 Before 12.48 
3 0.250 NaHCO; 0.190 Before 11.44 
4 0.235 Na2COs 0.120 Before 17.16 
5 0.250 None 0.250 Before 11.96 
6 0.240 Ca(OH). 0.100 Before 21.36 
7 0.250 MgO 0.154 Before 11.44 
8 OR235 NaHCO; 0.180 Before 11.96 
9 0.242 NazCOs; 0.095 Before 36.40 

10 0.230 None 0.230 Before 12.48 
NS) 0.205 None 0.205 Before 9.88 


5 Turnbow, G. D., and Milner, F. W., University of California Agr. Exp. Sta., 
Unpublished work. 
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The increase in viscosity follows the same curve as in the preceding 
table. It is shown to have depended upon the kind and amount of 
neutralizer added. It is to be noted that none reached neutrality. In 
all colloidal solutions, there are specific. effects caused by the addition 
of certain salts. It is known that some salts decrease the viscosity, 
while others increase it and still others exert no influence whatsoever. 
Neutralizers naturally would lower the freezing point. They go into 
solution, as shown by Parfitt’s work, in which sodium bicarbonate was 
used: 


TABLE XXXVIII 
Errect oF Neutrarizer (Sopium BicarBONATE) ON FREEZING PoINT 


; Per Cent | Per Cent | Per Cent 
Treezing : ae : Per Cent 
Point Lactic Total Serum Fat 
Acid Solids Solids 
Le 
—2.4 38.4 34.3 12.4 Sa 
—2.9 240) 34.3 12.4 8.7 


Wilson ® states that, because of their amphoteric properties, protein 
colloids have a tendency to absorb hydrogen ion and hydroxyl ion. 
These absorbed ions form a double layer on the walls or pores on the 
interior of the protein. This adsorption of the ions tends to influence the 
swelling and imbibition of water, by electrolytic repulsion. Salts may 
furnish ions that neutralize the electro-field of absorbed layers, causing 
a reduction of the swelling. It appears that the addition of neutralizers 
and salts neutralize to some extent the electro-field of adsorbed acid and 
makes it possible for more acid to reach the wall, with increased adsorp- 
tion. An increase in adsorption is accompanied by an increase in 
viscosity. 


NEUTRALIZATION 


Neutralization is based upon the addition of an alkali solution to 
neutralize the excess acid in the mixture. The amount of alkali solution 
to be added depends upon the amount of acid to be neutralized. Since 
this is determined by the quantity of the mixture and its acidity test, 
these factors are so important that any inaccuracy in them will defeat 
the purpose of neutralization. 

The acidity may be determined by any method, provided accurate 
results are obtained.’ The kind of neutralizer or alkali solution to 


6 Wilson, 3rd report of colloidal chem. London. P. 54. 
7 For acidity analysis, see pp. 299 to 302. 
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be used is also a matter of choice. The common ones, however, are 
hydrate of calcium, oxide of calcium and of magnesium (quicklime and 
magnesia lime), and bicarbonate of soda (baking soda). 

In calculating the amount of neutralizer to add, it is necessary to 
determine (1) what neutralizer will be used, (2) the desired acidity of 
the mixture, (3) the original acidity of the mixture, (4) the total quan- 
tity of the mixture, and (5) the strength of the neutralizer solution. 

Once these facts are known, it becomes an easy matter to determine 
the amount of neutralizer to add, as will be seen in the following example: 

Suppose that a 2000-lb. mix tests 0.28 per cent acid and must be 
neutralized with sodium bicarbonate to 0.20 per cent acid. By sub- 
traction (0.28 — 0.20 = 0.08 per cent) it appears that there is 0.08 per 
cent acid, or 0.08 lb. of excess acid in each 100 Ibs. of mix. Therefore, 
there are 2000 (weight of mix) times 0.08 Ib. = 1.6 lbs. of lactic acid to 
be neutralized. 

Pure sodium bicarbonate is univalent and has a molecular weight of 
84, while that of pure lactic acid is 90. It will take 84 lbs. of pure sodium 
bicarbonate, therefore, to neutralize 90 lbs. of pure lactic acid. The 
amount required to neutralize 0.01 Ib. of pure lactic acid (0.01 Ib. in 
100 Mibssotimx).is 90 : 84 = .01 2 x. ; 2: ='0:00933 Ib. dry sodium 
bicarbonate. 1.6 lbs. of lactic acid will require 160 X 0.00933 = 1.4928 
Ibs. of dry sodium bicarbonate. This can be weighed directly into a 
flour sprinkler, dissolved in four times its weight of water, and added 
directly to the ice cream mix. If a solution of sodium bicarbonate is 
already prepared, it is necessary to add that quantity of solution which 
will contain 1.4928 Ibs. of dry sodium bicarbonate. 


Sprciric DIRECTIONS FOR NEUTRALIZATION 


1. A neutralizing solution is made up to the proper strength. 

2. The ice cream mix is warmed to 90° F, (100° F., if butter is used), 
and held at that temperature until the neutralizer has had time to com- 
plete its action, usually five or ten minutes. 

3. The neutralizing solution is thoroughly agitated to insure a 
homogeneous mixture. The required amount of neutralizer is measured 
into a gallon measure graduated to half pints as indicated by the 
neutralization table. 

4. The solution is strained through a cheese cloth into a flour 
sprinkler pot, and an equal amount of water added and thoroughly 
mixed. 

5. The ice cream mix is kept well agitated while the neutralizer is 
being sprinkled over it in all parts of the vat. 
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NEvuTRALIZING TABLE—PounpDs or Dry BICARBONATE OF SODA REQUIRED TO REDUCE AcipiTy TO 0.20 Per CENT 


Dissolve the dry bicarbonate of soda in four times its weight of water in a sprinkling can, and stir the corners of the vat 
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6. The operator should make sure that the quantity of ice cream mix 
and the acidity test are correct, that the neutralizing solution has been 
properly mixed before removing the required amount, and that the 
neutralizer is properly diluted before adding it to the ice cream mix. 

7. The pasteurizing process is completed. 

Pasteurization of the Mix.—Pasteurization of an ice cream mix is 
necessary and, the authors believe, should be compulsory. The process 
is not expensive and certainly is a safeguard to such a highly nutritious 
food product. In addition, it actually aids in producing an ice cream of 
more uniform texture and flavor. 

Various temperatures are used for pasteurization. Some manufac- 
turers use a temperature so low that it fails to kill the majority of the 
pathogenic bacteria. This, of course, is a mistake. Ice cream mix, 
pasteurized at 145-150° F. and held at this temperature for thirty 
minutes, then homogenized at a temperature not below 140° F., gives 
excellent results. Heating to 155° F. does not injure the flavor, though 
a little longer time is required for the mix to regain the viscosity. Homo- 
genization or viscolization should never be attempted above 150° F., 
for starchy flavor is likely to be evident in the finished product. For 
efficient methods of pasteurization, see chapter on Bacteria. 

Care should be taken to see that all the ingredients except flavoring 
agents, fruits, nuts, and the like, are pasteurized. The viscosity 
destroyed by agitation during pasteurization is never regained. If it is 
assumed that at least a certain amount of basic viscosity is desirable, 
then every practical precaution should be taken to secure it. Proper 
agitation during pasteurization is one means of doing so. There should 
be just enough agitation to move the mix away from the heating surface 
fast enough to prevent burning, development of cooked or pasteurized 
flavors, and the coagulation of any albumin. Just what this speed 
should be depends upon the type of agitation, size of heating area, 
capacity of vat, and type of heating medium (steam or hot water). 
The following table® illustrates this point. 


TABLE XXXIX 
Errect or AGITATION IN PASTEURIZER ON VISCOSITY 


Speed of Ti 
Speed o inie ; ¥ 
P Viscosity, 
Iinpeller, Aged, : 
Poises 
Hours 


8 Turnbow, G. D., and Milner, F. W., University of California, Unpublished work. 
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In these experiments, a glass-lined, jacketed, pasteurizing vat was 
used, and the pasteurizer filled. The table above is typical of the data 
on agitation. 

Conditions that are correct for a full vat may be too severe for a 
small mix. é 


TABLE XL 


Errect or AGITATION UPON VISCOSITY * 


Mix Time Ae Viscosity, | Volume in 
; Aged hey Poises Vat. 
R.p.m. 
19 24 160 1.22 + full 
19 24 80 2,10 Full 
21 24 160 2.95 z full 
21 24 80 aL Ces Full 


* Turnbow, G. D., and Milner, F. W., University of California, Unpublished work. 


This table demonstrates that at the end of twenty-four hours (the 
length of time a mix should be aged with the present methods) the vat 
one-third full had less than half the viscosity of the full vat, although it 
had been given twice as much agitation. Though some of these mixes 
were aged for longer periods of time, the relationship between them 
remained quite constant. It is possible, and undoubtedly true, that the 
excess agitation brought about greater dispersion of the fat, destroying 
the clusters; but this alone can hardly account for all the difference in 
the viscosity. Fixation of the serum solids by adsorption undoubtedly 
takes place to a lesser degree in the case of increased agitation. The 
mixes described in the last two tables were homogenized with a single- 
head homogenizer, which should allow for clustering of the globules. 
Regardless of the fact that approved methods may be used, pasteuriza- 
tion tends to destroy viscosity to some extent. The greater portion, 
however, is regained during aging. The following table by W. H. Martin 2 
indicates the effect on viscosity of varying pasteurizing temperatures. 

As would be expected, at temperatures above 145° F., and with a 
holding period longer than thirty minutes, the bacteria count was 
decreased. It appeared also that while the viscosity in the fresh mix, 
pasteurized at unusually high temperatures and held longer than the 
usual thirty minutes, was injured but little, the rate of developing 
viscosity during aging was retarded. 


° Martin, W. H., Ice Cream Trade Journal, January, 1926, p. 55. 
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TABLE XLI 


Errect oF PASTEURIZATION TEMPERATURES ON PropErTins or THE MrIx AND 
Ice CREAM 


Past. : Acid ic : : : : : 
1 Holding a : pos Viscosity, | Viscosity, | Bacteria 
emp., Ti Fresh, 48 Hours, 
oF. ime can ilo Fresh 48 Hours Count 
145 30 0.238 0.238 Ij, 1) 109.2 111,000 
145 60 0.239 0.239 4.73 99.0 
145 120 0.242 0.242 4.26 ‘84.4 60,275 
153 20 0.237 0.243 6.33 95.5 49,275 
153 60 0.242 0.242 4.73 83.0 
153 120 0.238 0.243 4.66 tro ey © 15,725 
165 15 0.242 0.249 6.46 94.2 20,950 
165 60 0.244 0.244 6.93 Sil \ 
165 120 0.244 0 250 5.46 TBoe 14,512 
| | 


After the mix has been properly pasteurized and the hot gelatin 
solution added and mixed, and the 5 or 6 c.c. of cheese color (if color is 
allowed) per 100 Ibs. is added, the mix is ready to. pass through the 
homogenizer or viscolizer, as the case may be. 


HOMOGENIZATION 


The homogenizer and the viscolizer, although somewhat different in 
mechanical construction, operate upon the same principle, namely, that 
of a triplex or three-cylinder pump. They are so constructed that the 
mix is forced through a very small, manually adjustable aperture. This 
process brings about no chemical changes. It is purely physical, being 
that of breaking up and increasing the surface area of the fat globules. 
Zsigmondy and Spear!® really explained homogenization when they 
stated, “homogenization is fundamentally a process for mechanically 
increasing the degree of dispersion of fat.” 

The distinguishing difference between a homogenizer and viscolizer 
is the size of the aperture of the processing head through which the mix 
must pass. For this reason, 2000 Ibs. pressure per square inch on the 
viscolizer is about equal to 3000 on the homogenizer. Operating at 
these pressures, the opening in the head of the homogenizer is 0.007 inch; 
in the viscolizing head, 0.003 inch. No one who produces large quantities 


10 Zsigmondy, R., and Spear, E. B., “Homogenization,” in The Chemistry of 
Colloids, p. 265, 1917. John Wiley & Sons. 
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of ice cream expects to manufacture it from unhomogenized mix. Suffice 
it to say that homogenization or viscolization is essential for the manu- 
facture of the ice cream demanded by the consumer. This process 
increases the viscosity of the mix, prevents churning of fat in the freezer, 
cuts down the time required for aging, and improves to a marked degree 
the texture and palatability of the finished product. In referring to the 
benefits of this process, it is understood that proper care is given the 


Courtesy M. Mortensen, Iowa State College 
Fic. 44.—Normal Dispersion of Fat Globules in Pasteurized Cream. 


equipment. The suction line should be tight and should preferably be 
gravity-fed. The strainer should always be in the feed line, and par- 
ticular attention should be paid to the valves to see that they are well 
ground. Considerable damage is often done if the valves are dropped 
into the seats; they should always be carefully set into place. 

The homogenizing valve should be well seated (see Chapter XI). 
One shouid never be able to detect channels in the face of the valves. 
Valves in such a condition can affect the mix but little; and the larger 
portion of the benefits to be derived from homogenization are lost. 
Keeping the pistons well packed and occasionally changing the packing 
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will protect the homogenizer, prevent contamiation of the mix, and 
often save delay. 

Homogenization increases viscosity by dividing the fat globules many 
times, thereby increasing the surface area exposed for the adsorption of 
the water and other colloids. Since there is less free serum, the viscosity 
is increased. Several investigators have shown that the butterfat 
globules form clusters after passing one stage in the homogenizing head, 
thereby further increasing the viscosity. It is doubtful whether the 


Fia. 45.—Pasteurized Mix Unhomogenized. Dil. 1 x 10. 


viscosity obtained from these clusters is permanent or of any value, 
for they are easily destroyed by the dasher during the first period of the 
freezing process. The temperature at which the mix is homogenized 
influences the initial viscosity. The nearer the temperature of the mix 
is to the solidification temperature of the fat, the greater will be the 
number of the fat clusters, and the greater will be the initial viscosity 
of the homogenized mix. A mix homogenized at 100-110° F. will have 
practically twice the viscosity of a similar one homogenized at 145° F. 
Pressure has much to do with the viscosity. There is a relationship 
between acidity of the mix, homogenizing pressure, and the viscosity 
obtained. 
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Fic. 46.—Pasteurized and Single-stage Homogenized Ice Cream Mix Showing 
Clustering of Fat Globules. Dil. 1 x 10. The Clusters are Largely Destroyed at 
the Beginning of the Agitation in the Freezer. 


Fig. 47.—Pasteurized and Double-stage Homogenized Ice Cream Mix. Dil. 1 x 100. 
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Relation of Acid to Homogenizing Pressure.—Turnbow and Milner? 
show in the following table the effect of varying pressures upon vis- 
cosity. The data show that the higher the pressure, the acidity remain- 
ing constant, the greater the viscosity. - If too much pressure is used in 


TABLE XLII 


Errrct of HoMoGENIZATION PRESSURE AND ACIDITY UPON VISCOSITY 


Pressure, lbs. 

Mi Acidity 
i ae 1500 2000 2500 3000 3500 
poises poises poises poises poises 
48 . 260 10.92 11.00 11.96 15.60 16.64 
47* 227 2.41 Sell 4.68 6.786 7.09 
43a, 256 14.04 17.68 20.80 23.80 26.52 
49 5) 1 Be 10.02 Til DE 12.45 13.02 
50 . 246 9.62 14.00 15.00 21.61 27 .24 


* Reconstructed Mix. 


conjunction with high acid in the mix, the viscosity will be so high that 
the mix can not run over an external tubular cooler, and will feather. A 
single-head homogenizer was used in obtaining the data in the above 
table. Based upon this and other similar work, as well as upon the work 
of other investigators, a table for practical use has been worked out. 


TABLE XLIII 


RELATION BETWEEN Acipiry AND Homocrnizer Pressure (Single-stage) * 


Acidity of | Homogenizing | Acidity of | Homogenizing 
Mix Pressure Mix Pressure 
0.16 3500 0.24 2500 
0.18 3250 0.26 2250 
0.20 3000 0.28 2000 
0.22 2750 0.30 1800 


* Turnbow, G. D., and Milner, F. W., University of California, Unpublished work. 


Turnbow, G. D., and Milner, F. W., University of California Agr. Exp. Sta. 
Unpublished work. 
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If no changes are made in the composition or source of ingredients 
and if the method of processing is uniform, the viscosity of the mix from 
the homogenizer will be much more uniform. By using the above table, 
and varying the pressure to comply with the acidity of the mix to be 
homogenized, a fairly uniform viscosity can be obtained. 

Some consideration has been given to the clustering of the fat 
globules immediately after homogenizing (single-stage). To summarize 
the work of Mortensen, !? Dahle,!® and Reid and Scism,!* single-head 
homogenization allows the fat globules to recluster, with a resulting 
increase in viscosity. 

Rehomogenizing and reviscolizing the mix, the second and even the 
third time, decreases the viscosity, probably as a result of a breaking up 
of the fat clusters. It is definitely known that in cases where mixes are 
homogenized by the two-stage homogenizer the viscosity is decreased. 
This is undoubtedly due to the breaking up of the clusters and their 
failure to recluster immediately after they have passed the second head. 
It is not known just why globules will cluster after leaving the first 
head but will not do so after leaving the second. The work at Missouri 
indicates that reprocessing improves the texture and that the dispersion 
of the fat is more important than viscosity. A single-head homogenizer 
operating at higher pressures tends to disperse the fat more completely 
than when operating at low pressure. There probably is also a greater 
degree of clustering at high pressures as well as a greater dispersion of 
fat, thereby producing more viscosity. Such viscosity (caused by 
clustering) is unstable and does not exist to any extent in the finished 
ice cream. 

There is undoubtedly some clustering of the globules during aging, 
and, in the case of a mix homogenized the second and third time, in 
~ which the fat has been mostly dispersed, there is a tendency toward 
even greater clustering. This is borne out by work done at Missouri! 
in the conclusion reached that “an ice cream mix which has been 
reprocessed shows a greater increase of viscosity during aging than a 
mixture which has been processed but one time.” 

Effect of Double Homogenization. !°—The following table indicates 
the variation in viscosity of the mix homogenized at varying pres- 
sures. 


12 Mortensen, M., Ice Cream Review, Nov., 1924, p. 146. 

13 Dahle, C. D., Ice Cream Trade Journal, Jan., 1926, p. 55. 

14 Reid, W. H. E., and Scism, 8. F., Res. Bul. 82, Mo. Agr. Exp. Sta. 
1 Reid, W. H. E., and Scism, 8. F., Res. Bul. 82, Mo. Agr. Exp. Sta. 
16 Martin, W. H., Ice Cream Trade Journal, January, 1926, p. 55. 
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TABLE XLIV 


Viscosity oF Ick Cream Mixes Usine THE Two-SracE VALVE 


Viscosit Viscosity Viscosity 
Pressure Used See MD After 24 After 48 
Fresh 
Hours Hours 
s = 
INONGHe Eee 5.901 26.28 28.62 
No. ena 
Dy) 
No. 23000 53.66 88.28 105 . 04 
No. 1—4000 
: 276 r 
aah ae } 43.42 72.76 75.18 
No. 1—4000 pies 
= passes od ges ls 45.53 56.99 
No. 13000 | , ae 
No. 2—1200 J yee moe are 


Courtesy Manton—Gaulin Company 
Fie. 49.—Two-stage Homogenizer. 
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The table shows the rate of development of the viscosity during a 
period of forty-eight hours. It further shows what has already been 
mentioned, that most of the viscosity is reached at the end of the twenty- 

four-hour period, and although it continues to develop thereafter, the 
rate is much slower. It appears from this table that only a small 
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Courtesy Manton-—Gaulin Company 
Fig. 50.—Diagram of Two-stage Homogenizer Head. 


amount of pressure on the second valve is required to disperse the 
clusters. If the first stage is used for homogenizing or dividing the fat 
globules, and only enough pressure (500 lbs.) used on the second stage 
to accomplish its intended purpose, the best results will be obtained. 
Too much viscosity is not desirable. It is possible that some other 
change during the aging period, besides the development of viscosity 
(as now determined), is responsible for many desirable characteristics 
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found in a smooth-textured ice cream. Homogenization, the proteins, 
and the fat all play important parts in occluding the water in such a 
manner that small crystals only (not large enough to be detected by the 
palate) are formed during the freezing and hardening of ice cream. 


Courtesy John W. Ladd Co. 
Fic. 51.—Viscolizer. 


Homogenization affects the milk solids-not-fat only in the presence of 
butterfat. 

Cooling the Mix.—Before the cooling operation, hot water (185° F.) 
should be pumped through the homogenizer and over the cooler to 
remove dust and dirt and any vegetative cells that may have developed 
since the equipment was cleaned. 

The system for cooling the mix should be located as near the homo- 
genizer as possible. The mix should be cooled quickly to the aging 
temperature. If it is allowed to stand at a warm temperature, the fat 
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Fig. 52.—Diagram of Viscolizer Head. 
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stage and do not recluster. This causes them to rise or separate much 
more slowly. A cooler of adequate capacity, preferably of the tubular 
type, equipped with water and brine 
connections, is recommended. 

The external type of cooler may 
be elevated, in order to allow the 
cooled mix to flow directly into the 
holding vat. The internal tubular 
type may be located on the floor, if 
a drain is provided at a convenient 
place near the homogenizer. The 
homogenizer will elevate the mix or 
force it through the cooler, as is 

Courtesy J. G. Cherry Co. desired. 
Wie 3-— Tubular Cooler’ The internal-tube type of cooler 
is easily sterilized. After it is 
washed, a steam hose or steam line may be connected. A temperature 
above 200° F. is quite easily obtained. No injury to the cooler results 
from the expansion and contraction, if it is of the expansion-head type. 

An external tubular cooler is easy to wash but very difficult to 
sterilize. 

The authors have obtained the usual yield from mix directly off the 
cooler. In this particular work, 100 per cent was desired and obtained. 
It required much longer (thirty-seven minutes) to complete the freezing 
process, and the resultant cream was open and weak and of an undesir- 
able texture. This applies to a normal mix containing the usual per- 
centages of fat, milk solids-not-fat, sugar, and gelatin. It is the general 
practice to age the mix for a period of time to develop what is termed 
viscosity. As has already been shown, viscosity can be obtained in 
many ways, but the method of measuring it remains the same. The 
amount of viscosity may appear to be the same, as it is now deter- 
mined, although in reality it is not; 1.e., even if the yield is obtained, 
the type of viscosity, plasticity, or elasticity may not be the same. In 
many cases, it is fundamentally different. 

Aging the Mix.—As stated, holding the mix at the proper temper- 
ature for a period of time (twenty-four hours is usually long enough if 
it has been properly combined and processed; otherwise forty-eight 
hours may be required) is the most general practice. Turnbow and 
Milner, !’ as well as many other investigators, have shown that it is not 
unusual to obtain 300 per cent increase in viscosity during the first 
twenty-four hours, provided that the aging temperature is not about 

7 Turnbow, G. D., and Milner, F. W., Ice Cream Review, June, 1926, p. 136. 
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36° F. The second twenty-four-hour period only increased an average 
of 22+ per cent above the first. Identical mixes, aged at different 
temperatures for the same period of time, developed varying degrees of 
viscosity. In general, a mix aged at 32° I’. (not to exceed 36° F.), is 
of better quality and has more viscosity than one aged at higher temper- 
tures. This work included temperatures up to and including 50° F. 

If the aging temperature is correct (82-36° F.), the freezing point is 
not affected nor is acid developed. (See Table, page 181.) 

Enzymes.—In addition to developing viscosity by aging, some 
manufacturers use enzymes, supplied in the form of so-called improvers 
or mix standardizers. Still others use the enzyme solution in liquid 
form. Analysis of several improvers demonstrated that the active 
principle was rennet, pepsin, or a combination of the two. Some of the . 
products that have been scld are of no value, so far as benefiting the ice 
cream is concerned. They simply form bulk and act as fillers. Such 
ingredients as gums (India and tragacanth), cane sugar, corn starch, and 
corn sugar are used in their make-up. If these materials are needed 
(and some of them are), they can be purchased under their own names 
at a much more reasonable figure. 

Improvers furnish a convenient form of supplying the enzyme to the 
mix. Being in powder form, they will keep well and can be weighed 
out as needed. In the liquid form, which is the concentrated enzyme 
solution, a very small amount is required to accomplish the same thing. 
This form is also very convenient to use. Ice cream mix that must be 
frozen immediately after processing (due to shortage) will be benefited 
by the addition of the proper amount of enzyme. It will increase the 
viscosity, though in a different way from that obtained by aging. 
Enzymes do not prevent sandiness. 

Since rennet is the active principle in most improvers, it is well to 
know more of its action. Some authorities claim that it is a mixture 
of two enzymes, rennin and pepsin; but, as a matter of fact, very few 
enzyme solutions contain a simple ferment. The products formed by 
the action of rennet or pepsin on the casein of milk to form calcium 
paracaseinate !® are thought to be identical. Rennin action is undoubt- 
edly chemical as well as colloidal. The forming of the calcium para- 
caseinate, due to the action of the enzyme, is not merely the precipita- 
tion of insoluble protein. It exerts a digestive action on the casein. !° 
This action is what increases the viscosity of the ice cream mix and 


18 Van Slyke, L. L., and Bosworth, A. W., Tech. Bul. 31, New York Agri. Exp. 
Sta., 1913. 

19 Van Slyke, L. L., and Bosworth, A. W., Tech. Bul. 37, New York Agr. Exp. 
Sta., 1914. 
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makes a better product from fresh, unaged mix. If enough rennet or 
pepsin be added, the mix “sets,” just as milk does in the manufacture 
of certain types of cheese. This, of course, is undesirable in ice cream, 
where only a viscous liquid is desired.. The temperature of the mix at 
the time the improver is added will influence the amount required. If 
the mix is aged?° at the recommended temperature, there is no increase 
in bacteria count, for improvers have no control over bacterial growth. 
If the enzyme solution is used, the amount will vary, depending upon 
length of time the mix is to be held, as well as the temperature and 
acidity of the mix. The amount varies from 10 c.c. to 40 c.c. per 100 
gals. of mix. 

Freezing.—Freezing is one of the important steps in the manufacture 
of ice cream. Considerable attention has been given this phase of the 
process, but it is doubtful whether the attention has been critical enough. 
The development of the freezer is interesting: first, the old hand-power 
tub with salt and ice was used; then power was applied to machines of 
the same type. Later the brine freezer was developed; and still later, 
the brine was replaced by ammonia, direct expansion being used. In 
the next few years some very important changes may be expected. 
From small capacities, the freezer has grown up to the 40, 50, 60, 80, 
100, 120, and even 160-qt. freezers which are now in use. By far the 
greatest number of freezers, however, are of 40-qt. capacity, and most 
of these are of the horizontal type. The vertical machine is not so 
popular as it was a few years ago. 

Very few experimental data are available as to the most economical 
capacity of freezer. Present indications are that the 100-qt. capacity 
machine may be operated more economically than sizes above or below. 
Of course, this statement applies to plants of sufficient volume to justify 
so large a freezer. The freezing process, while it has the appearance of 
a simple operation, really makes a great change in the product, most of 
which is desirable. The receiving vat of the freezer should always be 
thoroughly rinsed out with hot water to remove the vegetative cells and 
any other bacteria that may have developed since the last freezing. 

Care of the Freezer.—Some ice cream manufacturers take advantage 
of the low temperatures at which ice cream is frozen. At the close of 
the freezing operations for the day, the freezer is often left unsterilized 
or is perhaps only rinsed out with water and considered ready for the 
next day. Rinsing only warms the freezer more quickly, thereby causing 
the growth of bacteria to commence earlier. Health departments will 
not knowingly tolerate it, and managers should not permit it. Bacterial 
standards are sure to be made more rigid, and inspection more critical, 

0 Parfitt, E. H., Ice Cream Trade Journal, Novy., 1923, p. 79. 
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if such practices are allowed. It is not a big job to open the head of the 
freezer, pull the dasher, and thoroughly clean it after the day’s work. 
In the case of larger machines, a “dolly” or “cradle” to handle the 
dasher can be constructed easily and cheaply. Sterilizing the freezer 
with steam after it is put together again, and rinsing with hot water just 
before beginning of the day’s freezing operations, will materially aid in 
preventing bacterial contamination. (See Bacteria in Ice Cream.) 
Naturally, a better-flavored, cleaner, more sanitary, and safer food is 
‘the result. The importance of this article of food justifies every pre- 
caution. 

The freezing point of a mix varies with the composition, as has 
already been pointed out. This being the case, only general instructions 
regarding freezing, and a summary of the effect of the various operations 
upon the finished product, can be given here. 

The temperature of the brine, the pressure of the brine, the difference 
in temperature of the incoming and outgoing brine, the speed of the 
dasher, the type of dasher, the rated capacity of the freezer, the firmness 
of the cream desired, the yield desired, the time required to empty, and 
the degree to which it is emptied must be synchronized. This, obviously, 
is not an easy thing to do, and even when one has done it, making use of 
all information, the results are not perfect. A uniformly perfect texture 
and the accurate control of weight per gallon are not being accom- 
plished. It must be admitted that these, as well as other factors, should 
be controlled and, no doubt, will eventually be controlled. 

It has already been stated that a mix should be aged at 32° F., or 
not more than 36° F. If the mix is properly homogenized and cooled, 
no separation takes place. It has been shown that there is an increase 
in viscosity during aging. Assuming that this is desirable, it should be 
‘retained as far as possible. 

Function of the Freezer.—The freezer has been constructed for the 
purpose of more economical handling and for the production of better 
ice cream. To produce the latter, it is necessary that the solids in the 
mix, when frozen, be not too close together. The dasher is so con- 
structed, and revolves in such a way that a gas, usually air, may be 
incorporated into the cream during the freezing process to separate the 
solids and thereby eliminate a soggy or heavy product. The dasher is 
divided into two main sections. Theoretically, it accomplishes three 
functions. First, it aids in the rapid transmission of heat, thereby pre- 
venting the freezing of ice on the inner chamber wali. This is accom- 
plished by the scraper blades, which should be properly fitted to the 
inner chamber wall and kept sharp, with no burr or feather edge on the 
back of the blade. The second function is the incorporation of air in a 
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finely divided state. This is very important, since the quality of the 
finished product, as well as the financial return for it, depends upon the 
control of this operation. This is theoretically accomplished largely by 
the beater. The aceuracy of this statement depends, however, on the 
construction of the beater. 

The third operation, the unloading of the freezer, is accomplished by 
the unloading wings, or arms. These are built in the dasher in spiral 
form, or in the form of small blades, which work the semi-frozen ice 
cream toward the front of the freezer. 

The two divisions of the freezer dasher may be described as the 
scrapers and unloading device, or outside mechanism, which operate 
together and in the same direction, usually clockwise; and the beater, 
or internal mechanism, which operates in the opposite direction. Both 
the external and the internal mechanisms on the market to-day operate 
simultaneously at the same speed. The desirability of this mechanical 
hook-up in unison is questioned. 

Function of Scraper and Beater.—The original construction of the 
dasher is very similar in all freezers, and few basic changes in the prin- 
ciple of operation have been made. The variation in weight per gallon 
of each gallon drawn from a run has been shown. To study the true 
function of each division or section of the freezer, the beater was dis- 
engaged and operated independently, by a separate motor. The follow- 
ing table indicates what can be done in obtaining a uniform weight per 
gallon for each can drawn from a run: j 


TABLE XLV 


Errect oN Density VARIATION ON CONSECUTIVE Cans AS DRAWN FROM FREEZER 
Waite Beater Was Orr During tHe Drawine Process. Dara Taken 
FROM 24 FREEZERS 

(Data in Pounds per Gallon) 


First and | First and | First and | First and | First and 
Second Third Fourth Fifth Sixth 


Can Can Can Can Can 
Average variation.......... 0.029 0.059 0.124 0.116 0.075 
Maximum variation.........]+0.10 —0.16 +0.23 +0.20 —0.10 
Minimum variation.........|/+0.00 +0.02 +0.00 +0.00 +0.05 
Maximum positive variation |+0.10 +0.15 +0.23 +0.20 +0.05 
Maximum negative variation.| —0.07 —0.10 —0.20 —0.15 —0.10 


This table represents 24 complete runs. The fundamental difference 
in operation that proved to be the deciding influence in control of yield 
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was the stopping of the beater during the unloading process. As soon as 
the drawing or unloading process begins, there is a rapid increase in air 
and consequently a decrease in weight of the second can drawn. By 
stopping the beater and minimizing the whipping effect of the outside 
mechanism of the dasher, very little air is incorporated. The third can 
drawn generally increases in weight. Tbis can be explained by observing 
the slapping action of the beater after the second can has been drawn 
and the blades have become exposed. This is not the case when only 
one can has been drawn. Just how closely weight can be controlled by 
using this separated beater construction will depend upon the con- 
struction of the remaining parts of the dasher, and upon the r.p.m. 
When the beater is off, the time required to unload is not affected. The 
beater apparently does not assist then in the unloading of the cream. 
The work of Turnbow and Neilson?! shows that it does not incorporate 
much of the air but acts rather as an emulsifier by dividing the air cell. 
The beater also aids in the transfer of heat during the freezing process. 
This is demonstrated in Table XLVI, representing tests in which the 
beater was entirely removed from the freezer, and the cream frozen. 
Then the beater was replaced and the freezing continued. 


TABLE XLYI * 


INFLUENCE OF BEATER ON Time TO FREEZE AND WHIP 


= 5 a 
Bee a 2 2 = | g 
5 | 5 ee in ee 2 = 3 is 
ion = H o FQ £ ‘5 a 2 a aa 
as S £ =" one aS, FA 3 3 2 
a 3 Fe P= | eae gq © 2 £ 6 
5 a 2 ® Ss) © “en 43 © ¢ H a 
Ss et 5 (aa) ion) 5.8 5 ag 5 © 5 q 
° =) a4 et eee es Ss oy ies = E cS 
= 4 g Ss ce £ OS ~ — [aa H = N 
A Ber toi ge| a cE ete oo ies ae ie ire a leae st 
° oe le PPE) oe Wesel os Se ate 
sas | a 0 oF a 5 A ae ds | ° o) 
a en px me ie Eh ite A a eal 
11-A 45 41 Out ait +Z | 10’46”| 86 PAPA 12'48’"| Yes 
B 45 41 Out 2 +2 |10’51”) 94 AS et Yes 
Cc 45 41 Out 211 +2 | 10/35” | 89 WSS ei 3 ieee Vves 
D 45 41 Out 211 +2 | 10/54’) &8& IEA WAT | Nees 
1D; 45 41 215 2AM 0 8/11” | 90 2 29 LAO ING 
F 45 41 215 211 +1 SFA |] il DONS! | Wayexy || INI) 
G 45 41 PANG) 211 +1 811” | 82 DORR N NORE INI) 
| 
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* Turnbow, G. D. and Nielson, K. W., University of California. Unpublished data, . 
+ Determined by Mojennier overrun tester, 


21 Turnbow, G. D., and Neilson, K. W., University of California, Agr. Exp. Sta. 
Unpublished data. 
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It will be noted that the brine temperature changed a little, while 
the beater was being put in, but the slight change could not account for 
the entire change in time required to freeze and whip. The part played 
by the beater is not as great as might be expected. The yield at the 
time the brine was turned off varies 12 per cent. This percentage of 
variation can be entirely attributed to the method of determining the 
yield, and not to any effect the beater may or may not have had. 

It is just as necessary in ice cream as in bread that a certain lightness 
or separation of the solids prevail. Too much, however, in either case is 
undesirable and injures the product. The amount of air or gas to be 
incorporated depends upon the percentage of total solids in the product. 
This increase in volume, due to the separating of the solids, is referred 
to as yield. The amount of yield obtained from a given volume of mix 
naturally affects the weight per given volume of the finished product. 
Weight control will be discussed more in detail later in this chapter. 

The brine should be turned on long enough thoroughly to chill the 
freezing chamber before any mix is drawn into the freezer. The dasher 
should be operating before the brine is turned on, particularly in hor- 
izontal freezers, for there may be a small amount of water in the bottom 
of the freezer, which, as ice, can injure the scrapers. As soon as the mix 
is let down, there is a marked drop in the viscosity. Some investigators 
claim it is regained; in work of the authors, however, this viscosity was 
never regained. The decrease in viscosity is probably due to two 
changes: one, a destruction of the colloidal structure, which may be 
partially regained, and the other, a destruction of the fat clusters, which 
is never regained. It is true that the viscosity increases in the freezer, 
but this increase is not the regaining of the original or same kind of 
viscosity; 1t 1s a new viscosity brought about by the effect of temper- 
ature on the solids in true solution and the strengthening of the remain- 
ing colloidal structure. According to Bogue, ?? gelatin exists in the form 
of short threads, which at low temperatures increase in length, forming 
a complete net-like structure. As the gelatin threads lengthen, they 
absorb water, assuming a swollen condition, which accounts in part for 
the increase in viscosity. The proper synchronizing of all the factors 
involved will aid in securing the retention of the maximum amount of 
viscosity in the finished cream. It is here that viscosity should do the 
most good. 

Speed of the Dasher.—The speed of the dasher varies with condi- 
tions in the plant and with the make of the freezer. The dasher speeds 
of commercial freezers usually vary from 165 to 240 r.p.m. A few manu- 


2 Bogue, Chemistry and Technology of Gelatin and Glue, p. 146. McGraw-Hill 
Book Co., 1922. 
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facturers have lowered the speeds of their machines to 140 and some to 
125 r.p.m. Sufficient yield can be obtained in a properly prepared mix 
at an r.p.m, as low as 125, especially since the gums, formerly used quite 
extensively, have been eliminated. Gums—especially the poorer grades 
—limit the incorporation of air. 

The following table?° shows the effect of the dasher on the viscosity 
of mixes aged at four different temperatures. It will be noted that 
most of the decrease in viscosity came during the first thirty seconds of 
the freezing period, and that from this time on it gradually decreased. 


TABLE XLVII 


Errect oF TEMPERATURE AND AGITATION UPON VISCOSITY 


Viscosity (Poises) 30 Wire 

Temp. 

Aged Init. 30” WO 1/30” Dig Die BM gy AQ! 9/0” 
46 1D ANS || ESN 1h BEANE, IP SGX) [PEE | Some | XS IP ILS] a ao) 
AE hoe 3.64 3.60 2.60 2.60 2.60 2 7h0) 1.56 1.56 
3 AR | eee. Se We | EO a) he BP la oo 5s 2.60 
32 16.64 | 7.80 | 9.36 | 9.386 | 7.80 | 8.32 |10.40 | 4.94 | 4.94 


The speed of the dasher in all four cases was 140 r.p.m. The second 
and fourth mixes were aged forty-eight hours; the first and third, 
twenty-four hours. If the experimental error could be eliminated no 
doubt the viscosity would vary but slightly. The acidity of the mix 
when made was 0.210 of 1 per cent. 

The speed of the dasher affects the viscosity, as shown in the following 
table: 


TABLE XLVIII 


Errect or Sprep or DasHER UPON APPARENT VISCOSITY 


Viscosity at 
Tnitial Speed of Time Brine 
Viscosity Dasher Was Turned 
Off 
18.30 140 12.17 
16.64 71 12.30 
16.64 106 i Ay¢ 


23 Turnbow, G. D., and Milner, F. W., Ice Cream Review, June, 1926, p. 136. 
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It is noted that the r.p.m. of the dasher varied from 71 to 140; also, 
that two mixes are identical. The slight variation in the viscosity may 
be attributed to experimental error. 
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| 
The speed of the dasher during the freezing process affects the total 
time required to complete the process. The following table illustrates 
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the effect of varying speeds and represents the average of over 1000 
gals. of ice cream. 
TABLE XLIX 


RELATION OF THE SPEED OF THE SCRAPER TO THE TIME OF THE. ENTIRE 
FREEZING PRocESS 


Speed of | Speed of 
Seraper, | Beater, 
Ine jopiany, R.p.m. 


Brine | Time to] Time to| Total 
Range | Freeze | Whip Time 


70 150 = 12’07” | 16/48” | 28750” 
106 150 —2 U2" \ NVI24" | 18/45" 
140 150 —2 CaO 5/18” | 12/18” 
211 150 == 6/23" A297 10'S 2!” 


Brine Temperature.— Decreased brine pressure resulting in decreased 
volume is often the cause of the extended time required to freeze. An 
adequate supply of cold brine (0° F.) is needed, and the proper volume 
must be delivered to the freezers. Often, in a battery of freezers, those 
nearest the brine inlet get the greater supply. Freezers should be 
equipped with two thermometers, one on the inlet and one on the dis- 
charge. Then, the brine flow should be so regulated that the incoming 
and outgoing brine have the same temperature spread on each freezer. 
This alone will do much toward producing uniform ice cream. It must 
be kept in mind also that not all machines freeze alike. This variation 
may be due to some mechanical defect, scale, speed of the dasher, the 
condition of the bearings, volume of brine, brine pressure, or any num- 
ber of factors influencing the operation of the freezer 

Scraper Blades.—The scraper blades should be kept in contact with 
the entire surface of the inside wall. When this is not done, slow freezing, 
low yield, or grainy ice cream may result. The effect of poorly operated 
scraping blades is shown in the following table. 

The average time required for the processing of Batch 9 was 25 
minutes 6 seconds, while for 15A it was 20 minutes 48} seconds. The 
difference here is due to the fact that in one case the blades were operat- 
ing as was intended, while in the other they were in such poor condition 
(dull and burred) that the cream was freezing to the walls, forming an 
insulation which prevented the rapid transfusion of heat, as well as pro- 
ducing coarse icy ice cream. On account of the low brine pressure, too 
great a length of time was required, in both cases, for freezing. A varia- 
tion of not more than 3-5° F. between incoming and outgoing brine is 
the maximum. 
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TABLE L * 


Errecr or ConpITION OF ScRAPERS ON Timp TO FREEZE 


Speed of Dasher Time 
Batch Brine 
ate 
: ete S Press 
Freezing | Whipping} Freezing | Whipping | Total ani 
9 140 140 14’40” 9/30” 28/10” 15 
(Scrapers in peor 140 140 15/00” 840” 23/40” 
condition) 140 140 14'00” 12/55” 26/55/" 
140 140 11’40” 14’05”” 25'45/" 
140 140 12/45” eels" 200! 
IAN CT ADO See" eater aac llee cece aes 13/45” 11/29” 25/14” 
15-A 140 140 9’30”” 10/00” 19/30” 15 
(Serapers in good 140 140 9/40” E00” 21/40” 
condition) 140 140 9/20” 905” 18/25” 
140 140 NOM? 115" 21/00” 
140 140 10/45” DAS 22/00” 
140 140 10'40”” 1207 22/00” 
A VeTAG ewe eras ene Hees yor 10/01” 10/39” 20/40” 


* Turnbow, G. D., and Milner, F. W., University of California Exp. Sta. Unpublished work. 


The mix should be frozen stiff enough to allow the incorporation of 
sufficient air and the separation of the solids, and to ribbon or pile 
slightly when drawn into the container. Freezing the mix too stiff, 
before the brine or freezing medium is turned off, may cause grainy 
ice cream, slow emptying of the freezer, and greater variation in the 
weight. Though a cream may contain the correct amount of air, part 
of the mix may have been congealed and the air may necessarily have 
been incorporated into the remainder. This causes a variance in the 
uniformity, larger ice crystals, and lack of smoothness. If the brine is 
turned off too soon, the desired amount of air sometimes cannot be 
incorporated during the whipping period, or, in case its incorporation is 
possible, the cream is delivered to the can too soft. With such a condi- 
tion ice crystals form, expecially around the outside. Furthermore, the 
air cells migrate upward, leaving heavier cream in the bottom of the 
can and lighter in the top, though the net weight per gallon of the ice 
cream may be all that is desired. 

The air cells of a cream that has been properly frozen should remain 
in position without change. This is illustrated in Table LII (the weight 
of ice cream at varying depths). The variations here are due to experi- 
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mental error and to the occasional folding in of an air pocket in the filling 
of the can. If the cream is drawn too hard, more air pockets are usually 
entrapped. This is not a serious source of variation in weight, however. 

Freezer Load.—The freezer load, that is, the amount of mix frozen 
with each run, should be established and maintained. There are various 
batch measures and weighers on the market, most of which have some 
objectionable features that have prevented their universal acceptance. 
Many manufacturers have placed overflow pipes in the sides of the re- 
ceiving hopper. When the mix is let into the receiving hopper, any ex- 
cess over the desired volume overflows to a separate container. As this 
fills, it is poured into the receiving hopper. A counter is sometimes 
placed in the inlet valve or discharge gate of the freezer to keep 
track of the runs. All of this, of course, can be defeated if the co- 
6peration of the freezer man is not obtained. Various other methods 
are in use for checking and are discussed later. 

If the same load or amount of mix is placed in the freezer each time, 
frozen to the same degree of stiffness before the brine is turned off, and 
whipped to the desired end point (see Yield Control), and if the freezer 
is emptied to the same degree each time, a uniform ice cream of fairly 
constant weight per gallon can be produced. The points mentioned 
here are very important, though some of them have heretofore been 
given little if any consideration by manufacturers. 

Benkendorf Overrun Tester.— Determination of weight by a sample 
has been suggested. Some years ago Benkendorf devised a method for 
determining yield. It consisted principally of a brass cylinder of known 
capacity for obtaining the sample of ice cream. The sample was melted 
down with a known volume of hot water, the foam was destroyed by 
ether, and the difference in the space occupied by the frozen ice cream 
and the melted ice cream was the basis for calculating the yield. This 
brass cylinder used in obtaining the data in the following table was 
standardized accurately as to capacity, and a large number of samples 
of frozen ice cream were taken. The net weight of the sample obtained 
was determined, and from this the weight per gallon was calculated. 
The inaccuracy of such a method can be easily seen from table LI. 

This table deals with ice cream of fairly high percentage of yield and 
with equally high percentage of solids. In table LII is shown the 
average variation in the weight at varying depths, as determined with 
the Benkendorf sampler. 

The ice cream is a little heavier at the bottom than at the top, though 
the extreme variation of these averages is slightly less than 0.1 lb. per 
gallon, Partly filled cans or cans that have been filled from two or more 
runs always show greater variation in weight. In fact, their weights are 
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TABLE LI 


CoMPARISON oF ActruaL WeIcuT With CALCULATED WEIGHT 
BY BENKENDORF SAMPLER 


Weight Tare Weighs | Net etane Weight per | Weight per} Deviation 
Sampler Plus Series Tecra Gallon Gallon from Actual 
Ice Cream, Rea eee Hinde > |(Caleulated),| (Actual), Weight, 
Grams : Pounds Pounds: Pounds 
Slo 58.7 22.8 3.92 3.84 +.08 
82.0 Donn 23.3 3.99 3.84 + .15 
80.3 58.7 21.6 B70 Aa, — .52 
80.4 58.7 Det ne 4.22 —.51 
Sl & 58.7 22.8 3.92 3.84 +.08 
81.2 58.7 De I 3.86 4.03 —.17 
80.6 58.7 21.9 BS 4.03 — .28 
80.9 58.7 Dae, 3.80 4.03 — .23 
81.0 58.7 DIS 3.83 4.03 — .20 
81.25 58.7 DDD is 3.86 4.03 — .27 
81.3 58.7 2250 3.88 4.03 — .25 
81.0 58.7 2243 3.83 4.03 — .20 
81.6 58.7 22.9 3.93 4.13 — .20 
80.5 58.7 21.8 3.7183 3.92 —.19 
81.6 58.7 22.9 3 93 Ae22, — .29 
81.0 58.7 22.3 3.83 4.22 —.3 
TABLE LII 
AVERAGE WEIGHT PER GALLON AT DIFFERENT 
DeEptTus 
BAITS Misia Actual Weight 
Depth per Gallon el 
(Benkendorf) per Gallon 

1 (Top) 3.853 3.925 

2 3.871 3.925 

3 3.894 3.925 

4 3.868 3.925 

5 3.910 3.925 

6 (Bottom) 3.928 3.925 

ine 


very hard to control. It is very desirable to be able to control the yield 
of each run so that a certain number of full cans and no part ones may 
be drawn. This will aid materially in producing uniform weight. 
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Glass cylinders were prepared by grinding one end to a very sharp 
edge and calibrating the volume. Samples of hard ice cream were 
obtained for weighing. Table LIII shows a summary of this work. 

TABLE LIII * 


DETERMINATION OF THE WEIGHT PER GALLON By GiAss SAMPLING TUBE 


Volume |WeightTube| Tare |Net Weight|/Calculated 
Sample, |Plus Sample| Weight |Ice Cream,|Weight per 
CO: Ice Cream, Tube, Grams Gallon, 

Grams Grams Pounds 

50 162 134 28.0 4.8 
50 160. 134 26.0 4.36 
50 160.6 134 26.6 4.39 
50 159.9 134 25.9 , 4.34 
50 159.4 134 25.4 4.20 
50 159.5 134 25.4 4.20 
50 159.5 134 25.6 4,29 
50 162.9 134 28.9 4.85 
50 160.2 134 26.2 4.38 
50 159.8 134 5.13 4.31 
50 161.3 134 Die 4.56 
50 161.5 134 Pal 3) 4.60 
50 160.4 134 26.4 


* Turnbow, G. D., and Milner, F. W., University of California Exp. Sta. Unpublished data. 


This method is not as accurate as the Benkendorf cylinder already 
described. In no case can too much accuracy be maintained in taking 
these small aliquot samples, as a slight error in technique makes a large 
error in the calculated weight. 

Accuracy of Cans.—In order to determine if ice cream cans, both 
when sold and after use, were accurate enough to be used to determine 
the weight of ice cream per gallon, Turnbow and Milner?* carried out 
the following work: 

The cans secured for standardization were new, and were obtained 
on the open market. They were of various standard sizes (1’s, 2’s, 3’s, 
and 5’s) and represented most of the standard brands. 

No can, regardless of size or brand, was below standard. The cans 
were standardized with the weight of an equal volume of water at a 
temperature of 4° C, 


24 Turnbow, G. D., and Milner, F. W., University of California Agr. Exp. Sta., 
Unpublished work. 
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TABLE LIV A 
CALIBRATION OF New Cans 


= ae | 
| Can ae a Gross Tare Net ee 
Number Caine Weight | Weight | Weight cane 
at 5 5322 11.0 AD, 2, 5.06 
2 3 33.61 8.75 24.9 BO” 
3 2 21.95 D.2 16.75 2.01 
4 5 Homo ilee2 42.43 fie 1h 
5 3 32.45 eS 25.15 3808 
6 2 217 4.95 16.75 2.01 
i i 11.95 3.45 8.5 1.002 
8 5 53.29 11.95 AQNSS Ball 
9 3 32.09 Yet 25.2 3.03 
10 2 Als Heal 16.6 2.0 
11 1 11.95 3.62 8.43 1.01 
12 5 52.0 10.3 A Ved, 5.0 
13 3 S205 7.6 24.9 BO 
14 2 21.68 4.95 16.73 2.04 
15 1 Tih os 322 Sow fb 10) 
16 5 335 705) 12.0 41.75 5.91 
17 3 32.6 USS 25.0 3.01 
18 2 21.2 4.5 16.7 201: 
19 1 LESS 2.9 8.45 1.01 


Old cans in use in an ice cream plant were also standardized in the 
same way. These represented different makes and capacities. No selec- 
tions were made, the cans being picked at random. A few of the results, 
to illustrate, are givcn in the following table. 


TABLE LIV B 
CALIBRATION OF OLD Cans 
Can eee Gross Tare Net cae, 
ene By hee ae aoe : 
Number Gane Weight | Weight | Weight Calle: 
1 1 TAs 3.0 8.3 .995 
2 2 21.05 4.5 16.55 1.987 
3) 3 Bil Geo 24 .93 2.992 
4 5 Bil © 10.25 41.63 4.996 
5 1 11.4 3.10 8.3. 995 
6 % hl 8} 4.84 16.46 1.985 
a 3 32.8 We 25.0 2.988 
8 5 OZ ELD 10.75 41.4 4.995 
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In practically all cases, the old used cans were slightly under capacity 
but not sufficiently so to cause any noticeable difference. Cans should 
be filled full, scraped to insure uniform gallonage, and then hardened. 
During the hardening process, a slight increase in volume takes place; 
this will more than offset the shortage in volume in old cans. 

Yield Control.—The control of yield, which in turn determines the 
weight per volume, is being given considerable study. Yield control in 
operation would be desirable from every angle. The consumer would 
have better possibilities of obtaining a more uniform ice cream, which 
in turn should increase consumption. The health and state officials 
would be better pleased, and the manufacturer would be merchandising 
his product on a much sounder business basis and preventing, or at 
least shortening the duration of, unprofitable price cutting and unfair 
competition. 

Various devices are on the market to aid the operator in controlling 
his yield. While all have merit, none allows for the complete control of 
weight. ‘This is not due altogether to the failure of the so-called over- 
run tester; it may be due to the structure of the mix, the construction 
of the freezer, and the carelessness of the operator. If the weight is to 
be controlled with any degree of accuracy, every step in the entire 
process must be given careful attention. 

Judkins?° shows, in his investigation of the weight of ice cream as it 
is manufactured in various commercial plants in the New England states, 
that none of the plants can guarantee that their standard 5-gal. cans of 
ice cream have a net weight within 1 lb. of each other. He concludes 
that it would require extreme vigilance to abide by a minimum weight 
standard per gallon. Among some of the factors mentioned as conducive 
to uniform weight are (1) one operator operating freezers of the same 
size and make, (2) not too many freezers for one operator, six with a 
hopper system, and three with the can system, (8) all freezers in charge 
of one operator running exactly alike, i.e., same brine flow and same 
speed, (4) proper brine temperature and circulation. 

Turnbow,?° in his investigation, which was confined to several 
California plants, found that one plant had a variation of 0.863 Ib. per 
gallon in the first cans drawn, 0.542 lb. per gallon on the second cans, 
and 1.861 lbs. per gallon on the third. By the elimination of the broken 
or partly filled cans in the last lot drawn, the variation in weight of all 
cans would normally be 0.497 lb. per gallon. Although all the cream 
was pulled as near as possible to 100 per cent, as shown by the weighing- 


25 Judkins, H. F., Survey of factors involved in the manufacture and sale of ice 
eream. Ice Cream Review, April, 1926, p. 79. 
26 Turnbow, G. D., University of California Agr. Exp. Sta. Unpublished work. 
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type overrun tester, only 14 per cent of the first cans drawn fell in the 
actual 100 per cent class. The results obtained at all other plants 
paralleled these quite closely. 

Stabler?’ has shown that it is possible to draw the first can with very 
little variation (0.07 to 0.1 lb. per gallon), and that it is impossible to 
control the weight of any can but the first. Greater uniformity of all 
cans is more nearly possible when the hopper system is used than when 
the ice cream is drawn directly into the cans. This is in general agree- 
ment with the work of Judkins, except that Stabler used the Draw-Rite 
Controllers in determining the correct time to draw. 

There is a steady decrease in the weight of the ice cream as the yield 
increases. Just what the weight per gallon should be for any single per- 
centage of yield depends upon the composition of the mix. On account 
of factors not under the control of the operator, the weight per gallon 
of ice cream varied in two commercial plants as given in the two follow- 
ing tables. In both cases weighing-type overrun testers were used, and 
the ice cream was drawn as near 100 per cent as possible. The main 
difference in the two creams is the percentage of total solids. The total 
solids of the mixes recorded in Table LV was 33.86 per cent; of those 
in Table LVI, 36.05 per cent. 

The deviation in weight between the heaviest and the lightest first 
cans drawn in Plant 1 was 0.88 lb. per gallon, while in Plant 2 it was 
0.53 lb. per gallon. The deviation in the weight of the first and the 
second can in Plant 1 covered a range from —0.47 to +0.25 lb. per 
gallon; in Plant 2, from —0.18 to +0.08 Ib. Greater deviations were 
noted on runs frozen with the vertical than with the horizontal freezer. 
(Both types of freezers were in use in Plant 1.) 

The wide deviation in the first can drawn in each of the plants is, no 
doubt, due to the inaccuracy of the weighing type overrun tester and 
the time elapsing between the time of making the test and the time 
the gate was opened for drawing. The mix is continually taking air as 
the whipping time is extended and during the early part of the drawing 
process. The amount depends upon the condition of the mix in the 
freezer. The rapidity with which a mix takes air depends largely upon 
the speed of the dasher, the viscosity, and the total solids in the mix. 
The greater the viscosity, the greater the resistance to a change in 
volume, all other factors being constant. 

The solids in a mix serve as a framework. As the total solids are 
increased the proportion of free water is decreased. The increased 


7 Stabler, W. B., Control of Ice Cream Freezing, Ice Cream Review, February, 
A926, p. 67. 
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TABLE LV 
WEIGHT PER GALLON (COMMERCIAL PLANT I) 
First Can Second Can Third Can 
Batch i ee 
Plant ium Si Weight Si Weight g Weight 
7 7 7 ? 
ik Gallons oe Gallons a Gallons 
i 1 5 4.60 3 4.29 2 4.56 
2 1 4.68 2) 4.375 3 AL le 
3 5 4.63 3 4.45 
4 il 4.68 2 4.37 3 4.29 
5 5 4.88 3 AD) 2 Ai3l 
6 1 4.81 2 4.62 3 4 64 
7 5 4.48 3 4 47 2 4.28 
8 5 4.61 3 4.14 2 4.12 
9 5 Ay22 3 4.08 3 4.0 
10 5 AL Dl 3 4.10 
11 5 ON 3 4.54 
12 5 4.21 3 4.45 
13 5 4.16 3 4.16 
14 5 4.02 3 4.18 3 4.54 
15 5 4.25 3 4.50 
16 bs 4.13 3 4.10 3 4.31 
TABLE LVI 
WEIGHT PER GALLON (CommercrIAL Puant II) 
First Can Second Can Third Can 
Plant Run : : ; 
g Weight, : Weight, Si Weight, 
mag Gallons Bie Gallons ° vies Gallons 
II 1 5 4.31 5 4.38 
2 5 4.16 5 4.08 
3 5 4.07 5 4L Tih 
4 5 AL Be) 5 4.38 1 4.06 
5 5 Bole 5 4.02 3 4.02 
6 5 4.57 5 AL, fsyil 
7 5 4.23 5 4.26 1 4.67 
8 i AL 74 D 4.06 
9 5 4.20 5 Amal 
10 5 4.38 5 4.26 
11 5 3.97 5 3.95 
12 5 4.17 5 4.10 
13 iF 4.50 5 4.47 
14 5 4.05 5 4.0 
15 5 4.23 5 Al OA 
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viscosity, due to an increased amount of total solids, is an aid in the 
retention of the air cells incorporated in the mix during freezing. 

Table LVII takes into account viscosity, weights, brine tempera- 
ture, and time required to freeze. The composition of the four mixes 
involved in this table varied but little from 11 per cent fat, 10.5 per 
cent milk solids-not-fat, 14.5 per cent sugar, and 0.5 per cent gelatin. 
All cans weighed were full. Since it was not possible to determine the 
volume in partly filled cans with any degree of accuracy, they were 
excluded. The ice cream was drawn as near 100 per cent as could be 
determined by a weighing-type of overrun tester. The first can may 
be controlled within very close limits by methods discussed later. 

Table LVIII is a summary of Table LVII. 

The variation in weight per gallon is shown in Table LVIII, which 
includes the weight deviation of all second and third cans drawn, 
the weight of the first can drawn in each respective run being used as a 
standard of comparison. 

Kighty-eight per cent of all cans varied 0.20 lb. per gallon or more. 
Of the second cans drawn, 52 per cent showed a deviation no greater 
than 0.05 lb. per gallon. Of the third, only 14 per cent were in the 0.05- 
lb. class, and 48 per cent showed a variation below 0.20 lb. per gallon. 
Attention is directed particularly to the high percentage of the third 
cans drawn which exceeded 0.20 lb. per gallon. These figures can be 
accounted for by the time allowed for draining the freezer. The last 
can, in nearly all cases, is heavier than the first one drawn. 

The viscosity of the mix going into the freezer affects the rapidity of 
obtaining the yield. The greater the viscosity in the finished ice cream, 
the less deviation in the weight per gallon. With the resistance to the 
incorporation of air, there will be a less rapid change in its density. 
Moreover, after the air is incorporated, such a mix will withstand the 
unloading process without much change in density. 

In discussing standards for ice cream, officials very often mention the 
desirability of controlling yield, and in at least three states there is a law 
governing it. A weight standard also receives its share of discussion, 
but taken alone it is not fair nor does it offer protection to the consumer. 
A standard is primarily for the protection of the consumer. An enforced, 
just standard, if it is to be of value, in reality helps the scrupulous 
manufacturer more than anyone else. A just standard cannot be made 
without taking into consideration the food value. Most states have fat 
standards; some have total milk solids standards; and some, total solids 
standards; while practically all limit the use of stabilizers. The food 
solids per gallon must be considered when establishing a weight stand- 
ard. Moreover, the fact that absolute control of weight is now impos- 
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sible must be borne in mind. Therefore, the standard must be low 
enough to care for the uncontrollable variations, and must work on a 
sliding scale to take into account changes in allowable total solids. Any 
increase in milk solids, either in fat or in milk solids-not-fat, will increase 
the food value at a given per cent of yield and will produce a uniform, 
more palatable ice cream. Furthermore, such a mix can be frozen with 
less variation in yield. 


TABLE LVIII 


VARIATIONS IN WEIGHT oF Cans DRAWN 


Variation, Pounds | Per Cent Total | Per Cent Total 
per Gallon Second Can Third Can 

None 12 5) 

0 to +.05 40 14 
+.05 to +.1 9 9 
+.1 to+.15 17 19 
+.15 to +.20 9 1 
+ .20 above 12 OZ 


The only fair and accurate method of determining the weight of ice 
cream in a container is to weigh and subtract the tare. California 
regulations have a food solids standard which is really a weight stand- 
ard. All cans must bear a tare in pounds and ounces. The inspector 
weighs the can, subtracts the tare, and has immediately the net weight 
per gallon. A sample of the cream is analyzed for fat and total solids. 
This standard calls for an average of 1.6 lbs. food solids per gallon, of 
which 10 per cent must be butterfat. In other words, an ice cream made 
from a mix containing 36 per cent total solids must weigh, on the average, 
4.44+ lbs. per gallon in order to deliver 1.6 lbs. of food solids. A mix 
containing 40 per cent total solids would have to weigh only 4 lbs. per 
gallon in order to deliver 1.6 lbs. of food solids. In determining this 
weight under inspection conditions, a minimum of 30 cans, or if fewer 
are present, the whole number, must be weighed; and they must average 
1.6 lbs. of food solids per gallon. The composition of the mix under this 
law is quite closely controlled. A manufacturer who is putting in a 
small amount of solids, and consequently a greater proportion of water, 
must take less overrun, which gives him a heavier weight per gallon but 
a uniform amount of food solids per given volume. This is a highly 
desirable regulation. The consumer is interested primarily in two 
things: a clean, sanitary, wholesome product, and a uniform amount 
of ice cream per dollar expended. The weight per gallon, or the amount 
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of air that the ice cream contains is of no particular interest to the con- 
sumer if he is receiving the two factors referred to above. Whether or 
not he has obtained the first is determined largely by the bacteria count 
of the ice cream. (In California 150,000 is the maximum.) The second 
is calculated by determining the food solids per gallon. It is only a 
matter of time until all ice cream will be sold on this or a very similar 
basis. It can be done, but the ice cream manufacturer must give more 
attention to the freezing process. Much care has been given in the past 
to the construction and quality of the mix and to its ingredients, and too 
little to the freezing process, which largely determines the quality of 
the cream that the consumer is to receive. There is an exact time— 
different for every mix—at which the freezing medium should be turned 
off. Regardless of this fact, each mix should be frozen to such a con- 
sistency that, when the freezing medium is turned off, sufficient air has 
been or may be incorporated to produce the desired texture and at the 
same time to deliver the ice cream to the container in as firm and as 
nearly frozen condition as possible without requiring too much time for 
the unloading process. It is possible to have a 100 per cent yield, if that 
is the figure desired, and yet have an ice cream too stiff for economical 
handling when it arrives at the container. Again, an ice cream containing 
100 per cent yield may be drawn to the can in a very soft condition. The 
former condition necessitates time for unloading and consequently results 
in variation in density. The latter, while it enables very rapid unloading, 
may result in the formation of large crystals during the hardening 
process. Furthermore, air cells may migrate in the can before the ice 
cream has time to harden sufficiently in the hardening room. Air cells 
often collapse, forming a large cell structure. All this will result in a 
rough, coarse texture. With certain types of freezers and mix construc- 
tion, sufficient air can be incorporated by the time the ice cream is hard 
enough to draw from the freezer. In such a case no whipping takes place 
other than that occurring during the freezing process. In other words, 
the whipping and freezing processes occur simultaneously. 

In other types of freezer and mix construction, the mix is frozen 
sufficiently stiff before the desired amount of air has been incorporated. 
It is the usual practice in such cases to turn off the brine or freezing 
medium at this point and whip in the desired amount of air or gas, and 
to draw the cream from the freezer as soon as it has reached the desired 
percentage of overrun cr yield. 

Still another practice, not used frequently in recent years, is to whip 
in more air than is desired and then turn on the freezing medium and 
freeze back to the desired percentage. This method of freezing requires 
one to three minutes longer. 
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This method of freezing can hardly be recommended, however, for 
the extra time required is not justified by the quality of cream obtained. 
As a matter of fact, by using a high-solids mix and cold brine, the ice 
cream may be drawn as soon as the desired -yield is reached and a pro- 
duct of equal quality obtained. Various methods have been devised for 
determining the time to turn off the freezing medium and the time of 
drawing the ice cream from the freezer. These have resulted in the prod- 
uction of a more uniform ice cream by giving the operator an idea of 
the condition of his ice cream at all times and by calling his attention 
to the fact that uniform ice cream is the result of uniform yields. 

Mojonnier Overrun Tester.—The Mojonnier Overrun Tester, by 
which the percentage of overrun may be read directly, is operated in 
the following manner: 

Assuming that the scale is level and in good working condition, the 
cup is filled with mix, the lock on the bottom of the cup having been 

loosened and hung on the tree of the scale. The 
reading on the scale at this point should be zero. 
If it is above zero, more mix should be placed in 
the cup. The volume of the cup can be increased 
for this purpose by screwing down the lock men- 
tioned above. Care should be taken each time to 
strike the cup off level at the top with a blade or 
a spatula. If the reading on the scale is below 
zero, the bottom should be screwed up, thus 
decreasing the volume until exactly zero is 
reached, when the lock nut should be tightened 
again so that the adjustable bottom will not 
move. Empty the mix into the freezer, wash the 
cup, and the tester is ready for operation. 

During the freezing process, samples may be 
COME Ma Has Brothers taken with the cup, and the cup struck off level 
Fic. 55. — Weighing With the top and hung on the scale, where the 
Type Overrun Tester. percentage or decrease in weight is read direct. 

Though this test gives a very gcod indication of 
the weight of a gallon of ice cream, it must be remembered that a small 
error in the sample means a considerable error in the weight per gallon. 

The table below represents sixteen consecutive runs on the same 
mix. A weighing-type overrun tester was used and the ice cream was 
drawn from the freezer as near 100 per cent as could be determined by 
this method. 

It will be noted that the lightest can was a 5-gal. container weighing 
4.025 lbs. to the gallon, and that the heaviest, also a 5-gal. can, weighed 
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4.888 lbs. to the gallon, representing a variation between the lightest and 
the heaviest of 0.863 lb. to the gallon. Tests covering some 8000 gals. 
of ice cream showed similar variations. No overrun tester can control 
the variation in weight per gallon of the second and subsequent cans 
drawn from a single run. The best that can be expected from such a 
device is an indication of the correct time to begin the drawing process. 
Since the change in density is very rapid when the yield is at approx- 
imately 100 per cent, the time required to take the sample, strike the 
cup, weigh, make the menial note, and return to the freezer, is too great 
to assure the operator that the weight per gallon in the first can drawn, 
will be the same as that indicated by the cup. 


TABLE LIX 


VARIATION IN Density or First Can Drawn 


Capacity ele of Weight per 
ee | ee eatin 
Each Can 

5 5 4.163 

5 5 4.488 

15) Is 4.213 

1 1 4.813 

5 55 4225 

5 5 4.575 

5 iS 4.025 

5 5 4.613 

5 5 4.213 

5 5 4.888 

5 i) 4.250 

il 1 4.6875 
5 5 4.463 

1 1 4.688 

5 5 4.1388 

5 5 4.60 

35 ae ee 


One method of filling the cup should be employed wherever a weigh- 
ing-type overrun tester is used. Three different plants inspected used 
three separate methods of filling the cup. At one plant, the cup was 
filled and struck off level with the top. At another, a spatula was inserted 
two or three times after the cup was filled, with the idea of eliminating 
any air pockets that might have been entrapped. At the third, the 
bottom of the cup was struck several times on the edge of the freezer, 
with the idea of packing the cream more firmly into the cup. With the 
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cream at a certain consistency, these methods are bound to give different 
readings. Again, even though a uniform method is used by the operator, 
the consistency of the cream at the time of filling the cup will influence 
the amount required for this purpose. A very stiff mix will fold into the 
cup, entrapping air pockets, while a very soft one will fill it completely. 
This inconsistency, of course, could be avoided if the freezing medium 
were turned off at the same point each time, giving a uniform consistency 
of cream in the can. 

Some ice cream makers do not wholly approve of overrun testers or 
controllers. They feel that after years of experience they can guess the 
density of the ice cream by observation. In actual practice, this has some | 
merit, but it is entirely dependent upon the skill of the operator and the 
type of freezer and mix with which he is working. But even under the 
best of conditions, this method is entirely too inaccurate for the produc- 
tion of uniform ice cream. Even with the use of a scale, it is impossible, 
for reasons already pointed out, to control the density of the first can 
drawn within a narrow enough margin to produce an ice cream that is 
actually uniform. There undoubtedly is a correct percentage of yield 
that will produce the best quality of ice cream. A manufacturer may be 
obtaining, on the average, the desired yield for the proper returns on 
his plant; but an accurate determination of the density of the cream in 
his hardening box may show that a considerable percentage of the cans 
are below or above the average yield, there being, of course, another 
percentage having the exact density desired. If the best quality of cream 
is obtained with the lightest density, then the manufacturer is overlook- 
ing returns to himself and a portion of his product is entirely too heavy. 
This condition, however, is usually not the case. Even though the 
tendency is to push the upper limit of yield, the manufacturer is produc- 
ing a considerable quantity of ice cream that would really be better if 
the yield were a little greater, and, on the other hand, a considerable 
portion is entirely too light for the best quality of product. 

Fig. 56 represents what might be expected from the use of a weighing 
type overrun tester in controlling the density of the ice cream. This 
graph represents several hundred gallons of ice cream drawn in a com- 
mercial plant. Every known effort was made to begin the drawing 
process at exactly 100 per cent. 

The mix contained 10.5 per cent fat and 36.05 per cent solids; 40-qt. 
freezers were used. The capacity of the cans included 5’s, 3’s, 2’s, 
and 1’s. The variation in weight in the second, third, and fourth cans 
cannot be attributed to the overrun tester. The best that can be ex- 
pected of an overrun tester or controller is the indication at the time to 
start the drawing process. Better control can be had where cans as 
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large as 5’s are drawn. One’s are more conducive to variation in 
density. 

Regardless of the type used, the scale must be kept in condition. 
Scales are often found reading as much as 10-15 per cent off. Even if 
the method were perfect and this type of technique were used, the 
operator could not expect to control the density of the first can drawn. 
The time has passed when slip-shod methods can be used during the 
freezing process. Unless manufacturers come to realize that this process 
is just as important as any other step in the production of ice cream, 
laws will be made to force them to take the necessary steps to obtain 
uniformity. Any manufacturer will say that he is doing this now, 
but in a good many cases his statement cannot be backed up by 
facts. 

There are other makes of overrun testers on the market, which 
operate on the same principle as the Mojonnier, and some of which are 
very easy to operate. They are known as the Torsion, the Sommer, and 
the De Raef. 

Willman Controller.—An instrument of a somewhat different type is 
the Willman Controller. This controller works upon the basis of 
temperature. A bulb is inserted into the freezing chamber; when the 
ice cream is frozen to a certain temperature, contact is made by lighting 
a light. The operator then turns off his brine or freezing medium and 
whips to the desired point. Obviously, during the whipping process 
there is an increase in temperature, which is noted on the instrument 
by another light flash. There is a time element here, which allows for 
the incorporation of the air. To be satisfactory, each freezer must be 
equipped with a controller. It is impossible to synchronize the freezing 
process, when only one instrument is installed on a battery of freezers. 
It is very doubtful that any two freezers work exactly alike under the 
installations that they must receive in a commercial plant. The brine 
temperature, even though it varies but slightly, will affect the time 
required to freeze. If the freezing medium is turned off at the time 
indicated by the first freezer, the last will probably be a little too soft, 
while others will be a little too stiff; and the result as a whole will be 
a non-uniform yield. If this type of installation is used with each 
freezer and checked daily—not a difficult task—very good control of 
the first can drawn may be had. 

This type of instrument has an added advantage over those men- 
tioned above in that it gives a record of the number of batches frozen, 
the time required to freeze, the hours during which the freezers were in 
operation, and considerable additional information which is very 
desirable to the manufacturer. 
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Draw-Rite Controller.—Another type of freezing controller is known 
as the Draw-Rite. This operates upon resistance. The motor and motor 
load are suppressed on the dial so that only changes in the freezing 
process are shown. It is no more possible to synchronize the freezing 
with the Draw-Rite than with the Willman. 
This type of freezing controller should be 
referred to as a duplicator rather than as a 
controller, and should be installed on each 
machine. Because of the age of the mix, the 
variations in composition, the source of those 
materials that undoubtedly change the salts, 
which in turn have a marked effect upon the 
freezing process, it is impossible to duplicate 
the yield from day to day, with any type Of Courtesy of Draw-Rite Company 
controller, without sight adjustments. Every Fic. 57.—Indicating Draw- 
operator knows that the first run from the freezer Rite. 
of the day’s run does not give the desired 
“gallonage,” even though the weight per gallon is correct. There is a 
certain amount of cream that stays in the freezer, sticking to the dasher; 
each successive run, however, should give the desired volume. It may 
be necessary, if the cream is coming a little soft from the freezer, to freeze 
half a point higher or a half a point lower, in order to get the proper 

yield. After the Draw-Rite is once set for 
| the day, there should be no further changes; 
H it is possible to duplicate each successive run 
on that freezer by turning off the brine or 
freezing medium and drawing at the same 
points. In the past, the drawing point was 
considered all-important, and so itis; but in 
order to approach more closely a duplication 
of it, the cream must be frozen to the same 
stiffness each time. 

In the operation of the Indicating or 
m Recording Draw-Rite, the mix is frozen to, 
fm for illustration, 9, when the freezing medium 
is turned off; the mix is whipped to 6, at 


Courtesy of Draw-Rite Company 2 ; 5 
Fi. 58.—Recording Draw- Which time the drawing process com- 


Rite. mences. It should continue to some 

definite point, 2, for example. The three 

steps in the freezing process, as indicated by the Draw-Rite, would then 
be as follows: First, the freezing medium should be turned off at the 
right time, thereby producing a uniform stiffness to the can. The ice 
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cream should be as stiff as possible, and still facilitate the rapid empty- 
ing of the freezer. The more water that is frozen in the freezer under 
agitation, the smoother the ice cream; if too much is frozen in, however, 
too much time will be required for emptying, and as a result an unusually 
large variation in weight will occur. The second step in the process 
necessitates the drawing of the ice cream at exactly the right time. As 
has been stated before, above 80 per cent the mix or emulsion becomes 
so unstable that rapid changes may take place. This is especially true 
up to 100 per cent. The incorporation of air from 100 to 120 per cent 
is slower than from 80 to 100 per cent, with an average mix. So many 
things may be done to change this rate of air incorporation that definite 
methods cannot be given; therefore, it is very necessary that the “man 
at the freezer” attend strictly to business, so that each freezer may 
start its emptying process at exactly the right time. Delay of the 
emptying process is one of the reasons that the weighing type of over- 
run tester does not work out more accurately in practice. 

For the production of uniform ice cream, the freezing medium should 
be maintained at one constant temperature. For this and other reasons, 
the direct-expansion freezer has great possibilities. The manufacturer 
of uniform ice cream requires that the freezing temperature be main- 
tained. With the Willman or Draw-Rite, it is very necessary that the 
freezing medium be quite constant. However, a scale can be made so 
that for each 3 or 4 degrees’ change in brine temperature, a certain set- 
ting can be made on the controllers. In both cases, there would be 
more time allowed for the incorporation of air during the freezing period 
where warmer brine was used than where zero or even colder brine was 
used. If the brine temperature is increased within a reasonable limit, 
the whipping time is decreased. One advantage of the last two types of 
controllers mentioned is that there is nothing to wash. 

The Draw-Rite is made in two styles: the Recording and the 
Indicating. Under normal operating conditions, the needle on the Draw- 
Rite should retard immediately upon the turning off of the freezing 
medium. In case it does not, one of two conditions undoubtedly exists: 
there is a leaky brine valve, so that, even though the valve is turned off, 
the freezing has not actually stopped, or the scraper blades are dull, 
thus allowing the accumulation of a layer of frozen cream on the inside 
of the chamber. When the freezer is working properly, there should be 
a half or a whole point drop immediately after the freezing medium is 
turned off. If there is much oscillation of the needle during the freezing 
period, the bearings of the freezer or the condition of the blades is very 
likely to be the cause. Good electrical connections are, of course, neces- 
sary for the economical consumption of electricity. Poor connections 
will often be indicated on the Draw-Rite toward the end of the whipping 
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period, at which time the needle may start to climb slightly, even 
though the incorporation of air is continuing. These poor connections 
are either in the instrument itself or in the line leading to the motor. 
The indicating machine should be placed near each freezer or at some 
convenient place about level with the height of the eye, so that it can 
be used with the highest degree of efficiency. 

Weight Control.—The Crescent Creamery Company of Los Angeles, 
under the supervision of Mr. William Stabler, accumulated data under 
simulated experimental conditions. The following graph indicates 
what may be expected when all steps are carefully checked. 
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Regarding the manner in which he secured the data shown in 
Fig. 59, Mr. Stabler says: 


Two 80-qt. freezers were selected, the instruments checked and 
reset to accommodate the lighter load on the power lines. The mix was 
weighed into the hoppers, and everything was done to surround the work 
with as nearly ideal conditions as possible. Under these conditions, the 
graph shows that 83 per cent of the gallons from the first cans fell 
within the 4.44.5 lb. division, and 18 per cent in the 4.3-4.4 class. 
Closer inspection of the figures shows that 100 per cent of the first cans 
fell in a variation band of only 0.07 Ib. per gallon. This is shown in 
the shaded portion beside and above the first column. This band widens 
on the 2nd, 3rd and 4th cans as indicated by the graph. ‘The figures 
when put in the curve, show the same characteristics as those just 
previously shown. Exact influence of the human equation is difficult 
to obtain, but under rigid experimental conditions we were able to reduce 
the band of variation from 0.3 lb. per gallon to 0.07 lb. per gallon on the 
first cans drawn. 


It cannot be expected that the weight of the first can can be controlled 
as closely under commercial conditions as would be the case under 
experimental conditions. Furthermore, the number of cans drawn 
influences the variation in weight. 

Fig. 60illustrates what can be done in regular commercial manufacture. 


VARIATION IN WEIGHT. PER CALLON 
DRAWN BY GUESS 
COMMERCIAL CONDITIONS 
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Mr. Stabler says, further: 


Figure 61 was made up from the data collected on regular runs of 
battery of five 80-qt. freezers, drawn when the Draw-Rite instrument 
indicated it was time to draw, and under regular factory conditions. 
The cans were carefully weighed to the nearest ounce before filling, 
scraped level after filling, and again weighed to the nearest ounce. 
Charts on drawing 5-gal. cans and 3-gal. cans are shown separately. 
Mix contained 10.5 per cent fat, 36.20 per cent total solids, and weighed 
9.124 Ibs. per gallon, and we attempted to draw cream at 4.5 lbs. per 
gallon. How nearly we realized our intentions is graphically shown in 
the chart. 

You will notice that 69 per cent of the gallons drawn in the first 
5 gals. weighed between 4.4 and 4.5 lbs. per gallon, and that 31 per cent 
fell in the class between 4.3 and 4.4. The maximum band of variation 
was 0.2 lb. per gallon. 

In the second cans drawn, 47 per cent weighed less than 4.4 lbs. 
and only 53 per cent weighed more than 4.4 lbs. per gallon against 
68 per cent in the first cans drawn, with a maximum variation of 0.4 lb. 
per gallon, and 8 per cent weighed more than 4.5 Ibs. per gallon. 

In the third cans drawn, approximately the same per cent of gallons 
fell in the 4.4 to 4.5 lbs. class as in the second cans, but 16 per cent 
were heavier than the 4.5 lbs. and 38 per cent were lighter than 4.4, 
against 47 per cent lighter in the second cans. The band of variation 
still remains the same in the third cans as it did in the second. The 
variation lighter than 4.4 is 0.2 lb. in both second and third cans and 
only 0.1 lb. heavier than 4.5 lbs. 

In the fourth can group, 38 per cent remain in the 4.4 and 4.5 group, 
and 47 per cent were heavier than 4.5 and 15 per cent lighter than 4.4. 
The total band of variation was 0.7 lb. per gallon but only 0.1 lb. 
variation higher than 4.4 and 0.5 lb. heavier than 4.5. 


These data bring out what may be expected during the drawing of 
each succeeding can. Assuming that the first can is drawn at the desired 
weight, the second can will be considerably lighter, while each succeeding 
one will tend to become heavier. This is true where the mix is frozen to 
a certain consistency and then whipped to the desired percentage of 
yield. It may not be true if the cream is whipped to a percentage higher 
than that at which it is desired to draw, and then frozen back. This is 
shown in the following two graphs. The Draw-Rite Controller enables 
the operator, under good factory conditions, to draw the first gallon of 
ice cream with 0.1 lb. variation from the first gallon in the succeeding 
batch. Changes take place faster than the finished product can be 
drawn. They can be explained by the fact that as the first can drawn 
still leaves the mix above the beater, the incorporation of air increases 
quite rapidly. The freezer was undoubtedly full or nearly so at the time 
the drawing process began. This also explains why the incorporation of 
air above 100 per cent is somewhat slower than from 80 to 100 per cent. 
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When the second can is drawn, the beater blades become exposed and 
the air is immediately beaten out of the cream, thereby decreasing the 
yield and increasing the weight. This condition can be almost entirely 
eliminated, even with the present freezer, if it is remodeled so that 
separate control of the beater is maintained. This control of the beater 
may be accomplished in two ways, with separate motor control or with 
a transmission. Whichever of these is used, it must be under the control 
of the operator. 

The more time elapsing during the drawing process, the greater the 
difference between the weight of one gallon and that of another. 

Increased Total Solids and Weight Control.—The data above regard- 
ing the weight control refer more specifically to ice cream mixes con- 
taining approximately 36 per cent total solids. Any increase in total 
solids tends to produce a more stable emulsion and less variation in 
the weight control. The more stabie the emulsion, the less it is sub- 
ject to the mechanical action of the freezer during the unloading process. 
Mixes were made'up containing the following percentages of total 
solids: 33.8; 36; 41, and 46. The increase in solids above 33.8 per 
cent was due entirely to additional milk solids-not-fat, and was obtained 
by a special method, so that an increase of more than 11 per cent was 
made without producing ‘‘sand”’ under normal marketing conditions. 
An ice cream mix containing the usual amount of butterfat and a slight 
decrease in the percentage of gelatin, with }-1 per cent increase in cane 
sugar (sucrose) and a total of 15-15.5 per cent of milk solids-not-fat, 
produces a satisfactory ice cream. 

A mix with the composition suggested above will contain nearly 41 
per cent total solids; the curve shown in Fig. 64 indicates the stabilizing 
effect of increased milk solids-not-fat. This greater stabilization un- 
doubtedly aids materially in holding the air im sztu during the unloading 
process, the solids being more resistant to variation than the water 
which they replace. 

Two to 2% Ibs. of additional milk solids in special powder form are 
added at the freezer to 45 Ibs. of mix, which has originally been made 
up as suggested above. This amount gives excellent results as regards 
smoothness in texture, closeness in body, fineness of the air cells, and 
freedom from iciness; in addition, it allows the incorporation of more 
air, still maintaining a constant in the food solids. 

An ice cream containing, for example, 40 per cent total solids, of 
which all above 36 per cent were secured from the use of special skim- 
milk solids, so manufactured and handled as not to produce sandy ice 
cream, would produce, under the California Law, an ice cream weighing, 
on the average, 4 lbs. per gallon, and still deliver the required 1.6 lbs. 
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of food solids. If a more palatable product, equal in stability and in 
food value to one with lower solids, could be secured, the consumer 
would have no complaint. 

Food Solids per Gallon.—In the experiments plotted in Fig. 64, no 
attempt was made to deliver the same amount of food solids per gallon 
in the first cans. Mix No. 1 contained 33.8 per cent total solids; No. 2, 
36 per cent total solids; No. 3, 41 per cent, and No. 4, 46 per cent. 
It is evident that the mix containing the higher solids, with the 
weights as illustrated in this graph, delivered more food solids per 
gallon. It is also quite evident that the higher the solids, the less 
the variation in weight per gallon during the drawing period. All 
of these weights represent averages. Since some weights were below 
and some were above these figures, a standard could not be drawn 
on the basis of averages without taking into consideration the lighter 
cans. 

As shown by the curves in Graph 3, an attempt was made to draw 
the ice cream at such a weight as to deliver approximately the same 
percentage of food solids to the gallon in the finished ice cream. The 
first can drawn represents the average weight, as do all of the other 
cans. 

The third can drawn, from mix No. 4, which contained 46 per cent 
total solids, shows a little greater average variation than the third can 
of 41 per cent solids. While the total of all these data represents a 
comparatively large number of gallons (approximately 2000), it is pos- 
sible in No. 4, which represents only 80 gals., that this quantity allows 
for weight variations, or that the solids have reached such a point 
as to cause the mix to become brittle and lose some of its stability 
rather than retain it as did mix No. 3, containing 41 per cent total 
solids. ~ 

Weight Standard and Food Solids.—Fig. 64 illustrates the desir- 
ability of a weight standard that is closely connected with the total 
solids in the mix. A standard that attempts to control yield is an 
injustice, in that it discourages the use of high solids, which undoubt- 
edly will be used in the next year or so to a much greater extent than 
at the present. Anything that discourages the increasing of the food 
value per given volume of ice cream is not sound. Simply to have a 
weight standard with no relation to food solids, other than butterfat, is 
unjust, for a gallon of water weighs more than a gallon of skim-milk 
solids, and certainly a gallon of skim-milk solids contains more food value 
than a gallon of water. If a standard were so drawn as to allow a 
weight standard for a given percentage of total solids, in addition to the 
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butterfat standard which we now have, it would require the manufac- 
ture of an ice cream containing 33 per cent total solids to obtain a yield 
of not over 93 per cent, and weighing 4.636 Ibs. per gallon—a weight 
above the standard that is now being advocated. On the other hand, a 
standard demanding an ice cream with 41 per cent total solids would 
require a great deal more food value per volume. In other words, a 
gallon of such ice cream, containing 1.530 Ibs. food solids per gallon, 
would weigh 3.731 lbs. This is far below the weight standard that 
many have in mind, and until such a time as the weight can be definitely 
controlled within certain limits, it does not seem desirable to adopt a 
standard based upon single cans. For this reason, it might be more 
practical to make use of a standard based on an average of 30 or 40 cans, 
a certain percentage of which could not be below a certain specified 
weight per gallon for the percentage of total solids employed by each 
ice cream manufacturer. 

Table LX illustrates three possible standards, the second one being 
the most desirable. 


TABLE LX 


THREE PossIBLE STANDARDS 


TOR: OR 
Yield, 100% Food Solids, 1.53 Wt. per Gal., 4.25 
Per Cent} Weight oe 

SCS Mix 
Weight Food Yield Weight Yield Food 
Frozen Solids Frozen Solids 
33.0 8.95 4.475 1.476 93.0 4.636 110.5 1.402 
36.0 8.98 4.490 1.616 WL) 4.250 111.0 1.530 
38.0 9.00 4.500 1.710 ORS 4.026 111.8 1.615 
41.0 9.04 4.520 1.853 142.3 3.731 112.4 1.742 
46.0 9.14 4.570 2.102 174.7 3.327 Hale 1.955 


No attempt has been made here to recommend a weight standard, 
but only to show the desirability of tying up a definite percentage of 
total solids with a weight standard. A weight standard should be 
accompanied by a sliding scale of varying amounts of total solids. 

Table LXI was drawn up with the idea of a weight per gallon, based 
on varying amounts of total solids, but keeping in mind that the mini- 
mum food solids per gallon should be the same in each case. The data 
represented in this table include a little over 2000 gals. of ice cream. 
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TABLE LXI 


Errect or Torau Soups on Densrry Controu 


Per Cent of Gallonage below 1.530 


Weigh Solid 
Per Cent} Food Solids ae si Yield SO ney 
T.S. | per Gallon | 7,, Cream [Per Cent} ist 2nd 3rd 4th 
Can Can Can Can 
SoEon 1.530 4.527 97.9 56.2 87.5 Dome 42.85 
36.0 1.530 4.250 106.5 0 60.0 40.0 75.0 
38.0 1.530 4.026 12355 0 20.0 20.0 40.0 
41.0 1.530 Bevel 142.3 0 0 0 0 
46.0 1.530 5), SPI 174.7 0 0 0 0 


* The weighing type of overrun tester was the only one available at the time these data were 
gathered. 


It will be noted that where 41 per cent total solids were employed, a 
weight of 3.731 per gallon was required in order to deliver the 1.530 lbs. 
of food solids per gallon. It was found possible to deliver all of the cans 
above this standard and still maintain constant food solids per gallon. 

Calculation of the Yield.—Every plant has, or should have, a record 
containing such information as the number of runs made each day, the 
flavor, particular mix used, and gallons frozen. The history should be 
complete and accurate. It is the policy in many plants to number the 
batches, beginning on January 1 with No. 1, and continuing throughout * 
the year. In case two or more are made on any one day, letters are 
made use of, as la, 1b, Ic, ete. 

The usual method of calculating yield is to subtract the gallons of 
mix placed in the freezer (including fruit or other flavoring materials) 
from the gallons of ice cream obtained and divide this difference by the 
gallons of mix used. In other words, the yield should be based on total 
gallons added to the freezer. In actual practice, vanilla and color are 
added in such small amounts that they are not included. To illustrate: 


Let M = Galions of mix in freezer (for practical purposes a 
gallon of mix weighs 9.0 lbs.) 


Y = Gallons of ice cream obtained. 


G = Gallons of increase (G = Y — M) 


G F 
af Xx 100 = X (per cent yield). 
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If 45 Ibs. of mix are put into the freezer, and if a gallon weighs 9 lbs., 
then 5 gals. of mix is the equivalent of 45 lbs. Assuming that 9% gals. of 
vanilla ice cream are obtained, the yield would be calculated as follows: 


M=5 

Y =93 

G=43 
4.75 


X= aaa 100, or 95 per cent yield. 


Yield can just as well be calculated on weight basis if the information 
is available. Assuming that a gallon of mix weights 9 lbs. (depending 
upon the composition, only slight variations of the weight are possible) 
and the ice cream weighs 4.6 lbs. to the gallon, then (9.0 — 4.6 = 4.4) 
- x 100 = 95.6 + per cent. 

Plant Yield.—The freezer operator often has instructions to obtain a 
certain yield, occasionally within impossible limits. The .tendency in 
such cases may be to record a yield that is satisfactory, regardless of the 
actual yield. A monthly plant yield provides a positive check on all 
operations. It is obtained by determining the gallons of mix made, based 
on actual purchases, and the gallons of ice cream sold, the gallons of mix 
_ and the ice cream on hand at the figuring and at the close of the month 
being taken into account. The method of calculation is the same as for 
individual runs. 

Preparing Cans for Hardening.—As soon as the pre-chilled cans are 
filled, they should be covered or capped with parchment paper and put 
into the hardening room. Old rusty cans should be discarded, retinned, 
or lined. Very satisfactory results are claimed by some manufacturers 
through the use of can liners. The cans are easy to wash after the liner 
is removed. If the freshly filled cans are not placed in the cold box at 
once, the cream softens (especially around the outside), and large ice 
crystals result upon hardening. The cans should be handled carefully. 
Pronounced jarring will cause the cream to settle, decreasing the volume 
in the can. This gives a rough body to the ice cream because of the 
migration of air cells. Where the hopper system is used, conveyors 
bring the cans to the filling spout and carry them, when full, into the 
hardening room. Such a plan is ideal and economical for plants of 
considerable size. 

Hardening Ice Cream.—The construction and temperature of the 
hardening room are discussed in Chapter XI. 
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The purpose of the hardening room is to complete the freezing of the 
water in the ice cream. The temperatures used, and hence the rate of 
freezing, will influence the texture of the ice cream. It has been stated 
that a little less than 50 per cent of the free moisture is frozen in the 
freezer. The process is completed in the hardening room. The freezing 
point of ice cream (as has been previously shown) depends upon the total 
number of molecules of solid matter in true solution. For this reason, 
no definite temperature for hardening can be given. The principle 
underlying the proper method and time of hardening is easy to deter- 
mine when the theory of crystallization is understood. 
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Fic. 65.—Hardening Room with Continuous Conveyor System. After Being Filled, 
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C, and after Hardening for the Proper Period they are Conveyed Directly Out to the 
Loading Platform, 


Hallimond,?*% Ostwald,29 and Miers and Isaacs °° have shown that 
the supercooling of a solution has the tendency to form crystals rapidly 
with each decrease in temperature, but that, as the temperature con- 
tinues to decrease, the tendency diminishes so that it is possible to cause 
‘the material to become an amorphous mass. With modern methods of 
cooling, nuclei may even fail to appear. Ostwald has termed this condi- 
tion “meta-stable.” When the conditions are changed so that they 
appear, he calls it “iabile.”’ Hallimond says there are three fundamental 
principles involved in the theory of crystallization. The first is known 

28 Hallimond, A. F., Jour. Iron and Steel Inst., Vol. 105, No. 1, p. 359, 1922. 


2 Ostwald, W., Zeitschr. f. physikal. Chem., Bd. 22, 8. 289, 1897. 
30 Miers, H. A., and Isaacs, F., Jour. Chem. Soc. London, Vol. 89, p. 413, 1906. 
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as the ordinary solubility curve, which each constituent has within 
certain temperatures and concentrations, crystallization being brought 
about by the addition of suitable nuclei. The second is the effect of 
supercooling on the rate of crystal growth; and the third is the changing 
of temperatures and the migration of dissolved matter essential to 
solidification at the surface of the growing crystal, the governing 
influence being the temperature and concentration. 

In ice cream, a considerable portion of the water is tied up or fixed 
with the serum. This fixation is not stable enough to withstand severe 
shocks. It is known that a certain amount of water must be frozen 
in situ in the hardening room. The crystallization theory, therefore, 
may be applied by beginning the freezing process as soon as possible 
after the ice cream is drawn, and completing the cooling in as short a 
time as possible. A temperature of 0° F. or less should be maintained in 
the hardening room, and, whatever it may be, it should fluctuate as 
little as possible. A storage temperature of —10° F. is considered none 
too cold. ‘‘Shocking” the cream by sudden changes in temperature is 
conducive to crystal growth (water and sugar). If the water is frozen 
quickly enough, smaller crystals result and a smoother ice cream is 
obtained. 

Brick Ice Cream.—The tendency to manufacture and sell packaged 
goods has led to the development of great efficiency in the packaging of 
many foods, and is influencing the marketing of ice cream. The first form 
of packaged goods was the ice cream brick, which is now made in several 
shapes, the two most common being the eastern or short brick and the 
western or long brick. Brick ice cream is usually put up in pint and 
quart sizes. These are made by filling moulds or slabs, usually of 1 and 
2-gal. capacities; after hardening, they are cut into the sizes desired. 
These moulds for the most part are filled directly from the freezer, in 
one, two, or three-flavor layers. They are also filled by pouring soft 
cream from cans. There are special machines for filling the cartons 
directly. 

When slabs are filled, it is necessary to harden, then take out of the 
pan, and cut up into the desired quantities (quarts, pints, or individual 
slices), which are then wrapped and cartoned. This method necessitates 
several steps. When the filling machine is used, the soft cream from the 
freezer is placed in the hopper, and thence in the carton, which has been 
previously lined. The cream is hardened in the carton. 

Judkins®! shows a number of determinations comparing machine- 
filled bricks with slab-filled bricks. 


31 Judkins, H. F., A survey of factors involved in the manufacture and sale of ice 
cream. Ice Cream Review, May, 1926, p. 106. 


HOPPER SYSTEM 225 


TABLE LXII 


COMPARISON BETWEEN MACHINE-FILLED AND SLAB-FILLED BRICKS 


Greatest Percentage of 
Number of Average Weight, Variation, Total Having Average per 
Bricks Ounces Ounces Same Weight Cent Yield 
Mfr. ee abe Get ae eee 
Machine-| Slab- |Machine-| Slab- |Machine-) Slab- |Machine-| Slab- |Machine-| Slab- 
filled filled filled filled filled filled filled filled filled filled 
G 25 9.36 .33 84 92 
A 27 10.45 1.6: 55.5 72.2 
H 20 9.37 Pas 18.51 96.3 
F 20 8.98 lay As) 25.00 100.0 
E 24 9.00 2.25 25.00 100.0 
Cc 24 9.36 sy As} 25.00 96.5 
Pp 10 8.94 Le u5 30.00 103.5 


The average weight of the 157 bricks was 9.36 oz. Those cut from 
slabs vary about twice as much in weight as those filled by machine. 
This is probably due to careless filling, bent pans, and careless cutting. 
The average yield for the brick cream in the table above was 94.3 per 
cent, very close to the average yield of bulk ice cream, and yet too high 
for the production of good brick ice cream, if made from a mix contain- 
ing 36 to 37 per cent total solids. In Plants G and A, the same kind of 
filing machine was used. In G the yield was 20 per-cent higher than in 
A, though G had the least variation (0.33 oz. per quart) and 84 per cent 
of G’s bricks weighed the same. The fact that G’s mix contained 2 per 
cent more total solids aided in stabilizing the cream and thus hindered 
rapid changes in air content, enabling better operating methods. Thirty- 
one pint bricks purchased from dealers representing 23 manufacturers 
varied in- weight from 7 oz. to 15.25 oz., or over 100 per cent variation in 
the cut of a pint brick. This is one of the reasons that brick ice cream 

is not more popular as a “carry-out”’ package. 
| Hopper System.— In new plants, the hopper system is being installed. 
This system meets with considerable success as an economical method 
of filling cans, and is an aid in controlling the weight per gallon or the 
density of ice cream. There is a marked change in the percentage of 
yield during the unloading process. The longer the time required to 
unload, the greater the change. Hence, I-gal. cans vary more than 
5-gal. ones, and bricks vary more than bulk. This applies to containers 
filled at the freezer. When cans are filled at the freezer it requires 60- 
140 seconds to empty an 80-qt. freezer, and 50-100 seconds for a 40-qt. 
freezer, depending upon how well the freezer is drained. The first can 
requires 5-10 seconds to fill, while the last may require 20-80 seconds 
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or longer, depending again on how well the freezer is drained. When hop- 
pers are used, the freezer may be opened wide and left open; the empty- 
ing process is, of course, faster. Freezers should not be allowed to drain 
too long. If too much time be allowed the draining, icy, coarse cream, 
which is much too heavy for good quality, is produced. This applies to the 
hopper system as well. Experience has shown that very little change 
takes place in the density of the ice cream while it is in the hopper and 


AUTOMATYC 
RECEIVING SYSTEM 
u 5 = UTOMATTO 
Cr 2 & # 


it TC CREAM HANDLING 
a Sa] AN STE Lem» pees Se 
eta ~ Oe =. 
LOT; im) 


Loaping py, ATPOR« 


z z 
& a 
S 2 
x = 
bas f cd 
3 g 
FE = 

Fs 


Courtesy Ice Cream Trade Journal 
Fia. 66.—The material Handling System for the Hydrox Plant. 


(1) Can conveyor; (2) automatic scale; (3) can dump; (4) receiving truck; (5) milk pump; 
(6) automatic drip saver; (7) can washer; (8) can conveyor; (9) automatic empty can scale; 
(10) ice cream can conveyor; (11) can conveyor power unit; (12) Mojonnier automatic can filler; 
(13) can counter; (14) automatic self-closing doors; (15) 2-chain filled can conveyor; (16A) reversi- 
ble conveyor, (16B and C) 6-chain 2-can conveyor; (16D) 6-chain actuated conveyor to load- 
ing platform; (16) roller conveyor to trucks; (17) brick carton lining machine; (18) brick 


packaging machines; (19) self closing door. 


filling pipe. Of course, the pipe should be insulated and refrigerated, 
and the cream should never be left standing in the pipe, for the same 
migration of air cells observed with the 5-gal. can will take place. The 
hopper system is made with and without conveyors, which move the 
mix toward the pipe. It is questionable just which type is the more 
desirable. Either type is better than none at all. 
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In the survey, Judkins?2 found the average difference in weight in 
5-gal. cans to be as follows: Hopper system, 2.27 lbs.; drawing directly’ 
into cans, 2.62 Ibs. In every instance weight gontral was closer with 
the hopper system. 

Delivery.—Many articles hans been written in the journals on icing, 
delivery, depreciation costs, etc. This important phase of the industry 
requires a separate volume and will not be treated here. Suffice it to say 
that this so-called service is one of the much-abused phases of the 
industry. The furnishing of cabinets and equipment has reached such 
a point in some sections that it is almost possible to start a soda fountain 
with a capital of one white apron. 

Iceless cabinets are making radical changes in the methods of 
delivery. It is rapidly becoming unnecessary for trucks to have special 
compartments for salt and ice in service cabinets. The modern truck 
is refrigerated by a self-contained automatic unit and carries nothing 
but ice cream in its containers. 

Dipping Shrinkage——The manufacturer should consider the dealer 
his agent. He should be just as interested in his product from the time 
it leaves his plant until it is consumed as he was in its preparation. 
The mere placing of the cream in the dealer’s cabinets does not relieve 
the manufacturer of his responsibility. This is particularly the case 
when the dealer associates the name of the manufacturer with the 
product he is selling. The dealer must be furnished with a product 
that can be dispensed properly and economically. Much has been 
written about dippage losses, and the conditions are frequently exag- 
gerated. As long as bulk ice cream is sold, so long will there be a differ- 
ence between the volume the dealer buys and the volume he sells. 
Accordingly, a price differential has been established to compensate for 
a reasonable decrease in volume. If the dealer actually sold the same 
volume that he purchased, he would be making far too great a profit, as 
the prices now range. A certain amount of air is just as necessary to 
make ice cream palatable as it is to make bread palatable. The air 
is used in bread to increase the yield, as it is in ice cream. 

Excessive dippage losses are often credited to the manufacturer, 
when in reality the temperature at which the cream is dipped, or the 
person doing the dipping, is at fault. Most authorities accept 90-100 
per cent yield on a 36 per cent solids basis as not excessive. If this be 
so, under good dipping conditions, a shrinkage of approximately 30 per 
cent may be expected. In other words, the dealer can expect to sell 
only about 3.5 gals. out of a 5-gal. can of vanilla, if it is dipped into 


32 Judkins, H. F., A survey of the factors involved in the manufacture and sale 
of ice cream. Ice Cream Review, April and May, 1926. 
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quart containers. If it is dipped into pints, he will sell even less. If 
the yield is decreased and the percentage of solids maintained, it will 
be possible to dip as much as 4.0 gals. out of every 5; but in such an 
instance the manufacturer undoubtedly would have to have more per 
gallon for his cream. As a result, the consumer would be receiving a 
soggy cream and the dealer making no more. This discussion may appear 
to be in defense of high yield, but such is not the case. Too much 
yield is more damaging to the industry than not enough. The aim is 
solely to produce a perfect ice cream. The consumer is entitled to a 
definite amount of food solids per gallon, and, if necessary, legislation 
should protect him. 

Assuming that the dealer pays $6.00 for a 5-gal. can of vanilla ice 
cream and sells 14 qts. (8.5 gals.) from it, at 60 cents a quart he would 
receive $10.50, or a gross 75 per cent. It is not unreasonable to believe 
such a return possible and adequate. Unfortunately, it must be admitted 
that, because of many factors, this return is not usually obtained. The 
following table *3 is given to illustrate the effect on sales with five differ- 
ent operators dipping, all other factors being constant. 


TABLE LXIII 


EFrect oF OPERATOR ON SALES 


Average Weight 
in Ounces of 
Pint Container 


Yield, 
Per Cent 


Operator 


125 
125 
125 
125 
125 


It can readily be seen that the returns from ice cream dipped by 
No. 1 and No. 5 would be considerably different. On a basis of No. 5’s 
work, No. 1 dipped 30.4 per cent less. These data were collected with 
ice cream containing too much air in relation to the total solids (approx- 
imately 36 per cent being used). 

If the yield is increased, the solids should be increased in sufficient 
percentage to maintain a uniform amount of food solids to the gallon. 

In the case of lower yield, a careless operator will do less damage, as 
demonstrated by Phillips in the following table, the same operators 
being used as in table LXIII. 

33 Phillips, W. A., Mass. Agr. College. Unpublished data. 
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TABLE LXIV 


EFFECT OF OPERATOR ON SALES 


Yield, Average Weight 
Operator DeGeey in Ounces of 
Pint Containers 

1 95 11.9 

2 95 iL 

3 95 14.1 

4 85 12350 

5 90 i183. 1 


No. 5, in the first table, succeeded in packing more into the carton. 
In Table LXIV, No. 5, after deducting the difference in the percentage 
of yield, came close to his previous performance. No. 1 obtained fairly 
uniform results, after allowance is made for the difference in the yield 
of the two creams. 

Temperature of Dipping.—As already stated, the temperature at 
which the cream is dipped has much to do with the volume dipped. 

Bierman?‘ says that there is a temperature which causes the greatest 
shrinkage during dipping, and that above and below that temperature 
less shrinkage will be experienced. He presents the following table: 


TABLE LXV 
Errect or TEMPERATURE ON SHRINKAGE 
Dipping Average Ounces per | Ounces per 
Temperature,| Per Cent | Quart before | Quart after 
cee Yield Dipping Dipping 

3 to 8 90 19.34 25.72 

9 to 16 90 19.34 26.82 

17 to 20 90 19.34 24.46 


From the difference in shrinkage with the range of temperatures 


given, it will be seen that the colder temperature (8-8° F.) causes less 
loss. The correct dipping temperature must vary because of differences 
in composition of the mix, amount of air the cream contains, and the 
class of help doing the dipping. Ice cream dipped at cold temperature 
(where possible) may be desirable for carry-out pails, but that con- 


34 Bierman, H. R., Effect of temperature on dipping. 


Ice Cream Review, Aug., 
1926. 
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sumed at the fountain is not palatable when served so hard. The 
practice of service ice cream at the proper temperature for eating is a 
factor in increasing consumption. In the following table, the results 
simulate those shown in the preceding table except that the smallest 
percentage of shrinkage was obtained at the higher temperature. The 
medium temperature—the one at which ice cream is usually dipped—is 
the least desirable, considering shrinkage as the only factor. 


TABLE LXVI 
Errect oF TEMPERATURE ON SHRINKAGE 

Dishing Number Net Yield Nepaher Net Volume 
Temper- of 3-gal. Weight, ‘De. Rai : f Pir . Weight of | Per Cent 
ature, ° F. Cans Pounds ee ie Pts., Oz. | Shrinkage 

§ 3 14.0 92 ily il 183-0 29 

10 8 13.9 96 16.5 13.0 30 

15 3 13.8 96 16.6 13. 31 

DBS 1 113}. 96 20.0 9.88 ily 


* Too soft to be practical and not enough cans to draw conclusions. 


The variation in shrinkage due to temperature changes, from 3° to 
23° F., may be kept between 6 and 10 per cent. Varying the percentage 
of yield, with the solids remaining constant, will give a varying percent- 
age of shrinkage. The following table *° shows that increasing the yield, 
all other factors remaining constant, increases the shrinkage. 


TABLE LXVII 


EFrect oF YIELD ON SHRINKAGE 


: NCE Se Pippy see Per Cent 
Series Yield, from 20 Ghat ace 
Per Cent Quarts pee 
1 60.3 16.96 15.18 
2 80.6 15.37 23.14 
3 100.8 14.07 29.66 
4 118.6 31.45 32.76 
Average 90.1 14.96 25.18 
| 


It will be noted that there is a difference of 20 per cent in yield 
between Series 1 and 2, while the difference in the shrinkage is 8 per 


35 Bierman, H. R., and Bromley, W. A., Effect of overrun on dipping. Ice 
Cream Review, July, 1926. : 
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cent. The difference in yield between 2 and 3 is 20 per cent, and in 
shrinkage, 6.5 per cent. The same thing holds true for 3 and 4, which 
also have a difference of practically 20 per cent in yield and only 3 per 
cent in shrinkage. If the food solids per gallon had been increased 
accordingly, the results would have been different. The variation in 
yield, as ice cream has been manufactured, probably causes the dealer’s 
shrinkage to vary unduly from 8 to 15 per cent. 

The work discussed so far under this subject has been done largely 
in laboratories. The results show uniformly less dipping loss than 
Judkins?°® actually found in data gathered in New England under com- 
mercial conditions. 

In Table LXVIII it is interesting to note that some of the dealers 
sold pints weighing slightly in excess of 11 0z., while others sold pints 
weighing as much as 20 oz. Out of the 56 pints purchased, 34, or 60.7 
per cent, weighed between 13.01 and 15.0 oz., there being comparatively 
little uniformity in the quantity put into the carton. It is also interest- 
ing to note that while manufacturer A sold his ice cream for more per 
gallon, his dealer made a larger gross profit. This manufacturer’s ice 
cream was much heavier (5.25 lbs. to the gallon) and the price differ- 
ential of 5 cents per gallon would not justify this decreased yield unless 
a low percentage of total solids were used. This particular mix, however, 
contained 14 per cent fat, 15.4 per cent sugar, and 39.0 per cent total 
solids. 

The size of the disher or scoop apparently has no effect upon the 
dippage loss per gallon. - 


TABLE LXIX 


EFFECT OF sizE DisHEeR ON Loss PER GALLON 


Dishersful Equivalent 
Net 
Size of Number Weight in| Yield Average Quarts ees 
" Disher OPUS Pounds, | Per Cent weight dipped Scoops Ai =i 
ae 3 Gallons Number |per scoop, from froma A se, ae 
grams 3-gallon quart 
can 

10 4 13.7 97 70 oak 769) 5.8 42 

12 12 14.0 99 81 2.6 6.9 5x9 44 

16 4 14.2 93 117 1.9 7.4 9.8 36 

20 3 14.0 93 131 yA 6.8 10.9 44 

24 6 14.1 97 170 Lee a0) 14.1 41 

30 3 13.9 98 209 120 6.9 We 42 


36 Judkins, H. F., A survey of factors involved in the manufacture and sale of 
ice cream. Ice Cream Review, May, 1926, p. 106. 
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It would appear from Table LXIX®%7 that the operator, not the 
scoop, is the important factor in controlling shrinkage. Three tables 
have been presented here to show the wide variation in shrinkage 
obtained by three investigators. In Table LX VII, the average shrinkage 
was 25.18 per cent for some 1200 gals. In Table LX VIII, where samples | 
were gathered on the market, the average shrinkage was 35.0 per cent, 
and in Table LXIX it was 41.5 per cent. The spread seems to be entirely. 
too wide. It is also noted that the average yield in Table LXIX was 
96 per cent, while in Table LX VII it went as high as 118.6 per cent. 

Type of Scoop.—Authorities do not agree as to the type of scoop that 
is most desirable for filling cartons. It is injurious to the quality of the 
ice cream to jam it into a carton. Such a practice also causes excessive 
shrinkage. Some work has been done indicating that the shrinkage can 
be reduced 8-10 per cent by using a transfer ladle. Judkins, in his 
survey found that out of 168 pints purchased, 27 were dipped with a 
scoop and averaged 0.53 oz., or a little over 1 oz. to the quart, lighter 
than those dipped with the ladle. This is equivalent to a loss of slightly 
more than } lb. to the gallon. These figures are cited to impress upon 
the reader the importance of a small detail in increasing the gross 
returns. Probably, because of migration of air cells, the bottoms of 
5-gal. containers invariably are heavier per gallon, the bottom half 
containing 6-17 oz. more than the top half. The higher the solids in 
the mix, the less likely is this to be true. 


TABLE LXX 


Drauer’s Prorir on Carry-ouT AND Scoop BusinEss 


Gross on | Gross on 
Purchase, Sales, 
Per Cent | Per Cent 


100 per cent carry-out business... . 19 16 


75 per cent carry-out business 
25 per cent scoop business....... 40 28 


50 per cent carry-out business ; 
50 per cent scoop business....... 63 39 


25 per cent carry-out business 
75 per cent scoop business....... 86 46 


100 per cent scoop business. ...... 109 52 


37 Phillips, W. A., Mass. Agr. College. Unpublished data. 
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Increased consumption depends to some extent upon the increased 
consumption in the home. This means that attention must be given to 
the carry-out business, which many dealers regard as unprofitable. 
Undoubtedly, as it is now carried on, it is the least profitable part of the 
business. Table LX X, summarizing this phase of Judkins’ survey, is 
here presented. These data are compiled from actual commercial 
transactions in which ice cream in bulk cost $1.30 per gallon and sold 
for 60 cents per quart and for 10 cents per No. 10 scoop. 

In some instances, even under present methods of doing business, the 
returns are too high over the fountain, while in a strictly carry-out 
business they are too low. The manufacturers realize this and know 
that before home consumption can be increased to any extent, remedies 
must be found. The remedy may be a better quality of ice cream brick, 
1.e., lower yield, or it may be supervision and skill at the fountain. 


CHAPTER VIII 
BACTERIA IN ICE CREAM 


CIRCUMSTANCES are forcing the ice cream manufacturer to a con- 
sideration of bacteria. Until recently, ice cream was not thought of as 
containing bacteria, because of a mistaken idea that cold has a bacte- 
ricidal effect. The work of health officials in scoring milk and publishing 
the results along with the bacterial count, and the educational work of 
the dairy councils and universities, have led the public to associate 
quality in dairy products with a low bacterial count. It is quite natural 
that the same feeling should exist for ice cream. 

The present consideration of the food value of ice cream, its health- 
fulness for invalids, and the growth-promoting qualities it furnishes 
children have had the effect of turning the public spotlight on this 
product. If the manufacturer is to capitalize on this publicity, his 
product must be beyond reproach from a bacteriological standpoint. 

The last link in this chain of circumstances will be, it is believed, 
state and Federal legislation establishing a bacteriological standard for 
ice cream. Most states have well-defined regulations governing the 
chemical composition, but there is a conspicuous lack of bacteriological 
standards. Unfavorable publicity has been given the industry from time 
to time when certain epidemics have been traced to ice cream.! Legisla- 
tion has usually resulted from this publicity. 

Bacteriological Standard.—At the end of 1926, only four states, 
Arkansas, Iowa, Louisiana, and Tennessee, have laws requiring the 
pasteurization of the ice cream mix, while four others require the pas- 
teurization of the dairy products going into the mix. In California all 
ingredients which do not come from sources that are tuberculosis-free 
must be pasteurized. This means that most of the mix is pasteurized, 
since a large amount of some kind of condensed milk is used, and it is 
impracticable to secure this from tuberculosis-free sources. 

Just what the bacteriological standard for ice cream will be is difficult 
to predict. Probably it will vary in the different states just as the 


1 Fabian, F. W., Ice cream as a cause of epidemics. American Journal of Public 
Health, Vol. XVI, No. 9, p. 873. 
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butterfat standard for ice cream and the bacteriological standard for 
milk do to-day. 

Olson and Fay,” in work done on ice cream in Kansas, found that 
pasteurization at 145° F. for thirty minutes and homogenization at 
pasteurization temperature result in bacterial counts (plate method) of 
less than 100,000 per gram in the finished ice cream. They conclude 
that it is practicable under plant conditions to produce ice cream with 
less than this number. Since the manufacturer should know the source 
of bacteria in ice cream and how to produce a product with a low count, 
this chapter will treat the subject from two pertinent angles; namely, 
raw materials as a source of bacteria, and the bacteriological effect of 
processing. 

Raw Materials as a Source of Contamination.—The ingredients 
used in the mix naturally constitute the principal source of bacteria. 

Water, of which the mix contains the largest percentage, is seldom a 
source of contamination. Boards of health usually give careful super- 
vision to the city water supply. The greatest danger from this source 
has been found in the small country plants where community sanitation 
is not strictly enforced. 

Milk and Cream in the mix have been proved by Olson and Fay? to 
be responsible in most instances for over 99 per cent of the bacteria that 
are present before pasteurization. 

It is not unusual to find many million bacteria per cubic centimeter 
in cream. When such a product goes into the mix, even a pasteurizing 
efficiency of 99 per cent cannot produce ice cream that has a low count. 
There is only one remedy for this situation; namely, to purchase milk 
and cream of a better quality. It is axiomatic that good raw materials 
are necessary to produce a good finished product. 

The various kinds of condensed milk should not add, proportionately, 
as many bacteria as milk and cream. MHunziker* states that “plain 
condensed bulk milk when fresh contains from about 1000 to 100,000 
bacteria per c.c.; when several days old and in the absence of refrigera- 
tion, its germ content is often much greater. Sweetened condensed 
milk averages from about 500 to 500,000 bacteria per c.c.” 

Condensed skim milk, however, may have a very high bacterial count. 
Olson and Fay found that in one case condensed milk supplied 56 per 
cent of the total number of organisms in the unpasteurized mix, while 


2 Olson, N. E., and Fay, A. C., Bacterial content of ice cream. Journal of Dairy 
Science, Vol. VII, p. 354. 

3 Olson, N. E., and Fay, A. C., Bacterial content of ice cream, Journal of Dairy 
Science, Vol. VII, p. 354. 

4 Hunziker, O. F., Condensed Milk and Milk Powder, p. 375. 
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in another, it was responsible for only 0.04 per cent. The quality of 
condensed milk, therefore, should be carefully guarded. 

Dry milk powder, as it comes from the manufacturer, contains com- 
paratively few organisms. The best grades of skim-milk powder are so 
low in bacteria as to exert a negligible influence on the count of the 
finished product. Subsequent contamination in the ice cream plant is 
usually the case, particularly if the powder is exposed to air and dust. 

Tests extending over two months have shown® that powdered skim 
milk, shipped from New Zealand to England and then repacked, had only 
a maximum count of 3392 bacteria per cubic centimeter, with an average 
for the period of 213 per cubic centimeter. 

Sugar is seldom a source of contamination, if it is kept dry and free 
from dust. 

Gelatin, as shown by experimental work, is a much better product 
than it was a few years ago. In 1912, Hammer® found that the count 
of 5 gelatin samples varied from 35 to 113,000,000 bacteria per gram. 
In 1923, Parfitt,’ analyzing 17 samples, got a variation of from 100 to 
60,000,000 per gram. 

To determine the bacteriological condition of gelatin found on the 
market for 1923-24, Brannon and Tracy® collected 37 samples from ice 
cream manufacturers. They found that only 5 had counts of more than 
1,000,000 per gram, while 3 were sterile, and 21 had counts between 
100 and 10,000. 

It is evident, therefore, that gelatin manufacturers can produce a 
product with a low count. Brannon and Tracy proved further, how- 
ever, that the bacterial content of the same brand of gelatin may have 
large variations. Caveat emptor. They have also shown that an 
unwashed gelatin kettle may be a source of contamination. 

It is not likely that the bacterial count of gelatin will increase to any 
extent after it leaves the manufacturer, unless, of course, it is con- 
taminated from outside sources or becomes damp. 

The temperature to which gelatin is heated in order to liquefy it 
exerts a strong influence on the number of bacteria which it carries to 
the mix. Ellenberger® dissolved 15 samples of gelatin at a temperature 


® Jephcott, H., Heinwick, R. F., and Ratcliffe, N., before World’s Dairy Congress, 
1923. 

6 Hammer, B. W., Iowa Agr. Exp. Sta. Bul. 134. 

7 Parfitt, E. H., study of gelatin for the manufacture of ice cream. Ice Cream 
Review, Vol. VII, 58. 

§ Brannon, 8S. M., and Tracy, P. H., Gelatin as a source of bacteria in ice cream. 
Journal of Dairy Science, Vol. VIII, p. 115. 

* Kllenberger, H. B., A study of bacteria in ice cream during storage. Memoir 
18, Cornell University Agr. Exp. Sta. 
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of 125-130° F. and got an average total count of 388,162; at 160-170° F., 
the average was 1172. When the gelatin dissolved in boiling water, the 
average count was only 530. 


TABLE LXXI 


Txrst TO DETERMINE THE EFrrect or Heat on THE BAcTERIAL Count 
AND GELLING STRENGTH * 


Time Required to Assume Liquid 
ee Tempers vate ue Bacterial Count State at 45° C. after Setting 
umber into Solution 
48 Hours 
1 oO aC: 11,000 153 Minutes 
2 USC: 300 16 Minutes 
3 100° C. 200 13 Minutes 
4 125 = 1Ce Sterile 14 Minutes 
5 125. Ce Sterile 12 Minutes 
6 1255 G: Sterile 10 Minutes 
a 50° C. 90,000 17 Minutes 
8 US? Cs 400 14 Minutes 
9 100° C. 400 17 Minutes 
10 1255°C: Sterile 12 Minutes 
ila 125 Cs Sterile 10 Minutes 
12 12oieaCs Sterile 8 Minutes 


One gram of gelatin was put into solution in 100 e.c. of water and heated to the 
temperature above. Samples 1, 2, 3, 4, and 7, 8, 9, 10, were held for 10 minutes at 
indicated temperatures; samples 5 and 11, for 20 minutes; samples 6 and 12, for 
30 minutes. 

* From unpublished work of G. D. Turnbow, Agr. Exp. Sta., University of California 

Nore. Temperatures of 75 and 100° C. seem to kill all but the heat-resisting - 
bacteria. - Steam under pressure killed all the bacteria. (It should be mentioned 
here that very excellent grades of gelatin were used, hence the apparent ineffective- 
ness of heat except for long holding periods under pressure.) 


Flavors may be expected to contain few bacteria if they are of 
alcoholic extraction. Alcohol has a well-known germicidal action and 
is sufficiently strong in good extracts to inhibit bacterial growth. 
Hammer!°® found counts in vanilla extracts ranging from 200 to 2300 
per cubic centimeter. The percentage of vanilla that goes into ice 
cream makes this constituent a negligible factor, in so far as bacteria in 
the finished product is concerned. 

Cold-pack fruits and berries, particularly the so-called jumbo pack of 
the latter, have been known to contain great numbers of bacteria. 
Berries, in the height of the season, are sometimes packed when covered 


10 Hammer, B. W., Bacteria and ice cream. Iowa Exp. Sta. Bul. 134. 
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with yeasts and moulds. Although the sugar syrup and the low tem- 
perature may retard further growth, great numbers remain in the 
berries. The average yeast and mould count of strawberries should not 
exceed 3200 of yeasts and 6800 of moulds per gram. 

Coal-tar dyes in water solutions are prone to decomposition unless 
they contain a small amount of some such preservative as benzoate of 
soda. The California State Department of Agriculture!! found as many 
as 93,000,000 bacteria per cubic centimeter in examining colors used in 
the various plants in that state. They found that there was a tendency 
on the part of manufacturers to make up too large a stock of aqueous 
colors. The length of time elapsing before these were used up allowed 
large numbers of bacteria to develop. 

The Bacteriological Effect of Processing.—The first change in the 
bacterial count is noticed in the mix before pasteurization. Adding the 
various high-count ingredients to the needed amount of water, the 
latter usually of low bacterial count, will naturally give a lower count in 
the mix than existed in the cream. Hammer and Sanders!? found, 
however, that this decrease is greater than could be normally accounted 
for by the volume change. The cream count in eight tests was higher 
than the count on the mix by 8-75 per cent and averaged 43.6 per cent. 
They believe that the plasmolyzing influence of the sugar added must 
be largely responsible. 

The Effect of Heating the Mix without Holding—Hammer and 
Sanders, in the work referred to above, found that merely heating the 
mix to 145° F., but without holding it there, effected a decrease in the 
bacterial count varying from 91.5 per cent to 99.5 per cent, and averaging 
96.4 per cent. This decrease is about what normally might be expected 
in sweet cream and milk as the result of complete pasteurization. 
Hammer and Sanders conclude: “It is probable that the efficient 
destruction of the organisms is due to the large amount of material 
(sugar particularly) present in solution which exerts a much greater 
plasmolyzing action than does the material present in solution in cream 
or milk.” 

Pasteurization.—The value and efficiency of pasteurization have 
been substantiated by numerous experimental data. Fabian and 
Cromley*? have shown that pasteurizing the ice cream mix at 150° F. 
for thirty minutes lowers the plate count from 94.5 per cent to 99.9 per 
cent, with an average efficiency of 98.97 per cent. 


Frey, J. J., Ice cream, proposed definitions and standards for, Official Proc. of 
29th Ann. Conf. of Assoc. of Dairy, Food & Drug Officials of the U. S. 

12 Hammer, B. W., and Sanders, L. R., Iowa Agr. Exp. Sta. Bul. No. 186. 

18 Fabian, F. W., and Cromley, R. H., Mich. Agr. Exp. Sta. Tech. Bul. 60. 
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Hammer and Sanders!* found the bacterial reduction of the mix by 
pasteurization to be very satisfactory. Pasteurization at 142-150° F. 
for twenty minutes gave them the results tabulated below. 


TABLE LXXIII 


CHANGES IN BacrperiaL Content DurInG PROCESSING 


Mix Mix Pasteurized Pasteurized Pasteurized Mix 
Run before after Mix through Mix through | through Homogen- 
Pasteuriza- |Pasteur-| Homogenizer | Homogenizer | izer with Pressure 
tion ization |without Pressure] with Pressure Jand then over Cooler 
1 56,000 170 7,400 9,450 
2 720,000* 1,545 2,025 4,250 6,050 
3 189,500 370 2,020 850 1,285 
4 4,400,060 230 605 235 
5 1,050,000 66,000 78,000 72,000 84,000 
6 2,600,000 6,150 12,650 6,150 6,600 
i 1,300,000 170 490 375 
8 150,000 225 430 670 
9 15,300,000 10,500 20,600 8,900 


* Cream. Unheated mix not counted. 


Effect of Homogenizing the Mix.—In continuing their bacteriological 
study, Hammer and Sanders found that when the mix was run through 
the homogenizer without pressure, there was an increase in the number 
of bacteria in all cases. However, all the samples analyzed were from 
the first mix that passed through, which partially freed the machine of 
bacteria, thus lessening contamination from this source in material 
subsequently passing through. When the mix was passed through the 
homogenizer under pressure, an increase in the number of bacteria was 
shown in all cases except one. Fay and Olson!® say that an increase 
of 26 per cent after homogenizing was shown in their studies of this 
phase of manufacturing ice cream. 

Peterson and Tracy!® agree with Fay and Olson in attributing the 
increase in bacteria after homogenizing largely to the breaking up of the 
clumps of bacteria. In the plate method of counting, these clusters had 
appeared in the agar as one colony. When they were broken up by the 
homogenizer, they appeared as a number of colonies. Thus, the increase 


14 Hammer, B. W., and Sanders, L. R., Iowa Agr. Exp. Sta. Bul. 186. 

15 Way, A. C., and Olson, N. E., The bacterial content of ice cream. Journal 
of Dairy Science, Vol. VII, 9, pp. 330-356. 

16 Peterson, R. W., and Tracy, P. H., The condensation process of preparing 
. an ice cream mix. Journal of Dairy Science, Vol. V, pp. 273-281. 
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in bacteria by the plate count after homogenization is more apparent 
than real. 

It should be evident to the manufacturer, however, that the homog- 
enizer may be a source of real contamination. Scrupulous care in 
cleaning it will be necessary, if the count is to be kept down. Running 
a solution of washing powder and hot water through it after using will 
not clean the homogenizing head. The careful manufacturer will take 
the homogenizer apart after each using and brush those parts that come 
in contact with the mix. An added precaution is to run hot water 
through all parts before using. This will tend to flush out the homog- 
enizer and prevent the high contamination of the first mix. 

Investigation has shown the tubular cooler also to be a source of 
bacteria if it has been carelessly washed. This piece of equipment must 
be just as carefully brushed and cleaned as any other. A mixture of hot 
water and steam should then be turned on the cooler until the metal is 
so hot that it will dry quickly. 

Effect of Aging on Bacterial Content.—The results of the work 
Fay and Olson!’ show practically no change in the bacterial count 
before and after aging. Bacterial growth is very slow at the temperature 
used for this purpose. Fifteen to eighteen hours showed practically no 
change. Fay and Olson, however, make the following statement: 


When long aging periods are used, a slight increase may be expected, 
but if the temperature is properly controlled, this increase should not 
be sufficient to cause an excessively high count in the finished product. 
However, if the temperature is not well controlled and is allowed to 
raise only a few degrees, the bacterial content will be greatly increased. 
Increasing the temperature ten degrees may mean an increase of several 
hundred per cent in the bacterial count after twenty-four hours. 


Hammer and Sanders!® say the increase in bacteria during aging is 
caused by insufficient cooling after pasteurization and by holding without 
stirring. No doubt part of the mix under these conditions remains at a 
temperature high enough to allow the development of bacteria. 

Effect of Freezer.—Investigators seem to agree that the mechanical 
agitation during freezing has the same tendency as homogenization to 
break up the bacteria clusters. The increased count, therefore, is largely 
attributed to this mechanical action, and, as in the case of the homog- 
enizer, is more apparent than real. It should be remembered, of course, 
that the freezer itself is a possible source of contamination. 


17 Fay, A. C., and Olson, N. E., Bacterial content of ice cream. Journal of 
Dairy Science, Vol. VII, pp. 330-356. 
18 Hammer, B. W., and Sanders, L. R., Iowa Agr. Exp. Sta. Bul. 186. 
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When properly cleaned, the freezer should not materially increase 
the number of bacteria. The dasher should always be taken out and 
brushed. Rinsing, even with the machine running, cannot possibly 
remove all traces of the mix. When the machine is reassembled, the 
steam should be allowed to run into the freezing chamber until the 
metal is hot; so hot, in fact, that when the steam is turned off the heat 
retained in the metal will thoroughly dry all the moisture in the freezer. 
Contamination from a freezer so treated is negligible. 

It should be unnecessary to mention that the cans should be sterilized 
with steam before the cream is drawn into them. 

Effect of Hardening.—Hammer and Sanders!9 made determinations 
of the bacterial count of 52 samples of ice cream hardened over night, 
and reached this conclusion: 


It seems, then, that in general the hardening of ice cream results in 
a decrease in the bacterial content but that the decrease is quite variable 
in extent, depending presumably on the hardening temperature and the 
resistance of the contained bacteria to the low temperatures encountered. 


Esten and Mason?° found no marked increase or decrease in the 
number of bacteria in ice cream stored for about a month. 

Pathogenic organisms are not readily killed by freezing temperatures. 
Ravenel?! has shown that the viability and virulence of anthrax spores, 
cultures of Bacterium diphtherie, B. typhosus, and B. prodigiosus are 
apparently not affected by exposure to the temperature of liquid air 
(312° F. below zero) for periods ranging from fifteen minutes to three 
* hours. Macfadyen?? and Macfayden and Rowland?? increased the 
period of exposure to one week and found that the temperature of liquid 
air had no material effect on the vitality of the same organisms. 

It must be evident to the ice cream manufacturer. that control of 
the number of bacteria in his product requires constant vigilance. Every 
step in the manufacturing process, except pasteurizing, results in an 
increase in their number. 

While condensing the whole mix is not practiced to a large extent, it 
should be noted here that heating it in the forewarmer to 160-170° F., 


19 Hammer, B. W., and Sanders, L. R., Iowa Agr. Exp. Sta. Bul. 174. 

20 Histen, and Mason, Conn. (Storrs) Agr. Exp. Sta. Bul. 83. 

21 Ravenel, M. P., The resistance of bacteria to cold. Med. News, New York, 
74:726 (June 10), 1899. 

22 Macfadyen, A., On the influence of the temperature of liquid air on bacteria. 
Lancet, Mar. 24, 1910, p. 849. 

23 Macfadyen, A., and Rowland, 8., Note on the influence of the temperature of 
liquid air on bacteria. Lancet, Apr. 21, 1900, p. 1180. 
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and then condensing at a temperature around 130° F., is sufficient to 
destroy a large percentage of the bacteria. Ayers and J ohnson?* found 
that this method resulted in an average bacterial destruction of 99.89 
per cent. ; 

Bacteria and Score.—That there is no apparent correlation between 
the bacterial count and the flavor in ice cream is evidenced in Table 
LXXIII. Once a year for three years, a total of sixty-two samples of ice 
cream from various manufacturers were scored at the Pacific Slope Dairy 
Show. The score card used was the same as that shown on page 250. 
Both commercial ice cream manufacturers and technically trained men 
acted as judges. The table shows that the flavor and texture score of an 
ice cream has absolutely no relationship to the bacterial count, and leads 
to a reiteration of the statement that the kind of bacteria, and not the 
number present, is the all-important factor. 


TABLE LXXIII 


Bacreria IN Ick CreamM—Paciric Store Dairy SHOW 


1924 
Number Bacterial Count | Flavor Score | Texture Score | Total Score 
sd 25,000 413 24 954 
2 25,000 42 244 964 
3 32,500 374 25 92 
4 12,500 383 23 914 
ix 10,000 37 244 914 
6 75,000 374 24 904 
7 10,000 Sif 25 914 
8 12,500 42 25 97 
9 30,000 374 25 92 
10 50,000 36 25 904 
ili 25,000 34 25 884 
12 10,000 354 24 894 
13 27,500 38 244 924 
14 27,500 34 244 884 
15 45,000 374 24 914 
16 25,000 411 243 952 
17 50,000 374 25 92 
18 30,000 35 25 90 
19 30,000 33 24 87 
20 45,000 374 24 914 
21 37,000 39 25 94 
22 50,000 Sy 244 914 


4 Ayers, S. H., and Johnson, W. T., U.S, D, A, Bul. 303. 
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TABLE LXXIII—Continued 


1925 
1 7,000 384 234 92 
2 14,500 374 4 914 
3 8,500 38 234 914 
4 19,000 41 242 952 
5 32,000 35 234 884 
6 6,500 38 20 873 
if 2,500 39 24 93 
8 3,060 394 Pet5) 944 
9 500 364 234 892 
10 25,500 35 235 885 
ie 500 40 243 943 
12 2,000 38 24 oe 
13 3,000 40 DD 95 
14 838,000 35 Zi 654 
15 16,500 364 24 90 
16 7,500 374 22 894 
iy 1,000 403 243 954 
18 79,000 40 18 86 
1926 
Number Bacterial Count | Flaver Score | Texture Score | Total Score 
1 6,000 40 243 943 
2 2,000 37 244 914 
3 3,500 384 243 93+ 
4 5,500 41 25 96 
5 1,000 384 24 924 
6 5,000 38 24 92 
7 1,500 36 234 89 
8 2,500 38 24. 92 
9 10,500 39% 25 944 
10 283,000 38 244 824 
11 5,000 37 25 92 
2, 17,500 38 244 924 
13 3,000 36 244 904 
14 1,500 38 244 924 
15 8,000 374° 244 92 
16 9,500 38 244 924 
17 12,000 38 25 93 
18 78,000 37 244 904 
19 10,500 38 . 24. 92 
20 6,500 383 243 934 
21 2,000 40 25 95 


22 24,000 38 244 924 
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TABLE LXXIV 


Factory Score Carp * 


Trade Name as ce cssecvsene ses eas : Ownerlor) Vianageree eer reer 
Do wneors Gil vacyaea eee eee BusinessvAddressima, semen teases 
ID ately: ice eee ane a er ee LO Zee 
Score Score 
Equipment SSS Methods 
Perfect | Allowed Perfect | Allowed 
Building: Building: 
Location: Cleanliness ssuytstee cs ateecverst= 19 
Free from contaminat- Orderi veers aatesmrcns 4 
ing surroundings....... 3 Blo ora sete sn ctcatet one 3 
Wrallsia ce eeets..sde 2 
Arrangements... sn.05 0 ace if Ceilings Saeadest 2 
Proper rooms....:.. 4 Doorsand windows. 2 
Convenienze........ 3 Shafting, pulleys, 
DIDES,-cUCuaamme ee 1 
CWonstructiontna cease 10 Freedomfromodors. 2 
Flooring, tight, sound, Freedomfromflies.. 3 
nonabsorbent..... 4 
Walls, tight, smooth Utensils: 
and cleanable..... 2 Cleanliness, vats, homo., ete. 16 
Ceiling, tight, smooth Thoroughly washed 
and cleanable...%. 2 and rinsed...... 8 
Minimum of shafting, Sterilized with live 
pulleys, hangersand steam (boiling 
exposed pipes..... 2 WALED nn O)mee are aS 
WDPAINAGE@ tie eats oes von ans 4 Brick cutting and hardening 
1OOG ee eecr a neues eters 2 POON, oo hie ovine can 10 
Sewer or septic tank. 2 Cleanliness: 
Ofmoonicmnn ania 4 
PAARL MES See Wola eae sasig ko eeokee 12 Of stock room..... 2 
Gondition’ ofa... =. 5 Of packing equip- 
Boiler, condition of.. 2 MONG as Kee 3 
Appliances for clean- Ofmmouldssajad scr 1 
ing utensils and cans 5 
Laboratory and equipment. . 5 Via chinter:ya een aces herent 5 
Cleanliness of....... 3 
Wiatersupplyaci rst ovs.ctests «cc 2 Cleanliness of delivery 
Clean and fresh..... 1 equipment...... 2 
Convenient and 
abundant... 2...’ AS Cleanliness of employees..... 10 
BDOtAlwomete ters) saree be te 40 Rotalean eee 60 
7 
SCore tor equipment) jane ce. yes cs plus score) for methods) 4. ....5s0cen son equals Toran 
SCORME ce scosecpsu ns ehtise 


Nore. If the conditions in any particular are so exceptionally bad as to be inadequately 
expressed by a score of ‘‘O”’ the inspector may make a deduction from the total score. 


Inspector. 
*Adopted in part from the Dept. Agr., Bureau of Dairy Control, State of California. 
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Factory Score Card.—The foregoing discussion demonstrates the 
absolute necessity of good equipment and proper processing, if the 
bacterial content of ice cream is to be controlled. Unfortunately, all 
manufacturers are not scrupulous about these conditions, and it fre- 
quently becomes the function of the law to bring them into line. One of 
the best methods of control is the regular inspection of the factory with 
a score card. 

The score-card method of inspection has two advantages. In the 
first place, it makes the work of the inspector thorough and systematic. 
Next, it tells the manufacturer plainly where and how much his factory 
is below par. 

The score card itself is simple and easy to understand. The various 
factors have been weighed so as to give the proper importance to each 
condition. 


CHAPTER IX 
DEFECTS IN ICE CREAM 


Tur manufacturer should have, above all things—an appreciation of 
the quality of his ice cream. Too often he labors under the delusion 
that his product is better than his competitors’, and cannot understand 
why the consumer does not seek him out in order to purchase it. Such 
a condition may be termed sales egotism. 

Value of Scoring.—If all ice cream were scored regularly by com- 
petent, disinterested judges, it would do a great deal to improve the 
quality. It is a well-known fact that the cities with the best milk supplies 
hold periodic scoring contests, in which all the scores are published. 
Naturally, under such conditions, all producers and dealers are con- 
stantly striving to be near the top of the list, inasmuch as this is a great 
factor in helping them retain old customers and secure new ones. Unfor- 
tunately, the ice cream manufacturer is given few opportunities to have 
his product judged in a competitive scoring contest. Under such 
circumstances, it is not a bad plan for the manufacturer to gather samples 
of his competitors’ product and compare them with his own. Compar- 
isons of this kind bring out defects more noticeably than an examination 
of one product only. 

Score Card.—The quality of any dairy product may be determined 
systematically. The standards of quality for butter, milk, and cheese 
are well established. A universal score card has been worked out, and 
practically all of these products are judged on this basis. The ice cream 
industry, however, is newer and is going through so rapid a stage of 
development that no standards have been universally adopted. 

Much discussion among various authorities on ice cream has resulted 
only in a great variety of score cards. The following table is indicative 
of the types suggested by some of the most prominent men in the 
industry. 

It will be noticed that there are only slight variations in the numerical 
values assigned the several factors. It would be possible for competent 
judges to use any one of the given score cards in a comparative contest 
and give a relative position to the various entries. Giving proper 
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TABLE LXXV 
Various Ick Cream Score Carps 

BlaVorseesmnet ered os 350m) 35 | 45 1-50 | 40 | 35 1235 | 40 | 50 
exturemandshod yan loom ON |e 2oilll anaes 15 30 | 25 | 40 
IBACbericiearcme ae titan aie iy |) AO) | Ol) | Poh |) OO) [ego 4) x) 15 
1 VG StI, «Oana os oe 10 TS phe AP aera IG | 2o 10 10 
Color aa erect oe I See 5 ellis aeseet | actos 5 4 5 5 
PACK Ap ems mate screen fiteeyn (hc tsee Dass eee 5 5 Pe 5 
Color and Package....... DT eee =. 5 5 


emphasis to the various factors is a difficult task. The score card shown 
here, it is believed, will meet most conditions. 

Flavor.—Flavor is given the highest value on the score card, because 
it is the most important factor in determining the quality of ice cream. 
In addition, it is the primary influence that motivates the consumer in 
buying ice cream. The ordinary individual, the man on the street, to 
whom the bulk of this product is sold, buys because he likes the taste 
of ice cream. The flavor appeals to him sufficiently to cause him to go 
into the nearest store and satisfy his desire. If the manufacturer, there- 
fore, is to increase his volume of sales, he must turn out a product that, 
over a period of time, will have a flavor beyond reproach. 

A desirable flavor in ice cream is the result of using only the best 
ingredients. Even when those of the proper quality are used, the 
resultant product often has an off-flavor because of improper blending or 
processing. A score of 30-38 on flavor indicates a noticeable defect, 
the cause of which usually can be identified. Ice cream with a highly 
excellent flavor may score above 38 and even as high as 41 or 42, but 
thus far none has been given a perfect flavor score. It is doubtful 
whether any judge will score a sample as perfect, because of the variation 
in personal opinion as to what really constitutes a perfect flavor. 

Texture.—Ice cream sells more readily than sherbets or ices, largely 
because of its texture and body when frozen, and because of the fact that 
it is not as cold as sherbet orice. Because of its smoothness and apparent 
creaminess, the consumer feels that he is getting more in a dish of ice 
cream than in a dish of sherbet or ice. The layman probably notices the 
texture more than any other factor, no doubt because it requires less 
observation or keenness to note body defects. Only a discerning 
individual may decide when an ice cream is off-flavor, but anyone can 
tell when it is rough or sandy. Manufacturers state that texture, more 
often than any other factor listed on the score card, is a source of 
complaint. 
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. Ick Cream Scorb CARD 
FUSHTDIUGOM 5. eos see te ee eee ce reo Siac Fle Tn) WY SNe tect A a ee 
INA ATERS c 3 fc ee a eave oe ee orca een 
Class capt cap ten te ee a 1 tt ec et Exhibit No....... 
Perfect Score 
Item Remarks 
Score .| Allowed 
RlavoLe er 45 
Texture..... 25 
Bacteria..... 20 Bacteria per Gram ...... 
Colona 5 
Package... .. 5 
ovale 100 
Reri@ento hat ieee = 
Ren Gentil Sse eene 
=| 
polKea Ma Ob Red EN Son cine nA MDE ih ctiyE Coco item oS ded 
Judges 
DatCe Reh emt tease cok oe 
*In contests, ice cream not conforming to state legal butterfat standards, or that con- 
taining less than 34 per cent solids, shall be disqualified. 


BACTERIA PER GRAM—PERFECT ScorE 20 


Points 

50,000 and under.. 20 

50,001— 75,000.... 19 

75,001—100,000.... 18 
100,001-125,000.... 17 
125,001-150,000.... 16 
150,001-175,000.... 15 
175,001-200,000.... 14 
200,001-225,000.... 13 
225,001-250,000.... 12 (Usually printed on back 
250,001-275,000.... 11 of score card.) 
275,001-800,000.... 10 
300,001-325,000.... 
325,001-350,000.... 
350,001-375,000.... 
375,001—400,000.... 
400,001-425,000.... 
425,001—450,000.... 
450,001—475,000.... 
475,001—500,000.... 
500,001—525,000.... 
525,001 and over... 
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Texture and body are included under one head. It is doubtful 
whether an accurate, clear-cut differentiation can be made between the 
two. Many criticisms that really relate to texture defects are reflected 
in the flavor score by both the judge and the consumer. The flavor 
score is invariably lowered if the texture is markedly defective. As 
soon as the factors affecting it are remedied, however, the flavor score 
increases accordingly. ‘Too much care and attention cannot be given 
to the inspection and study of texture. Since judges know quite 
definitely, and agree upon, what constitutes a perfect texture, it is not 
uncommon for them to score it the full 25 points. The judge should not 
be reluctant to cut and criticize texture. Often as many as 5 or 6 points 
are deducted. 

Bacteria.—Bacteria are noted on the score card solely in order that 
a criterion may be set for the quality of the products used and the 
cleanliness with which they have been handled. It is realized that types 
of bacteria are more important than the total number present, but in 
work of this kind discrimination is hardly possible. The standard 
selected works out very satisfactorily under the condition that pas- 
teurization of the entire mix be required. 

Practically all authorities agree that the consideration of bacteria on 
the score card leads to a more wholesome product. The score allowed 
for the number present operates on a sliding scale, 50,000 or fewer being 
allowed the full 20 points. It is not difficult for a manufacturer using 
the required amount of skilled help and the proper kind of ingredients 
to manufacture uniform ice cream containing on the average 25,000 or 
fewer bacteria to the gram. 

Color.—Any food product is relished more when it is pleasing to the 
eye. As a matter of fact, there is more or less correlation between the 
appearance and the taste. Unfortunately, American cookery has devoted 
too little attention to the appearance of food. The American people 
seem to want their food served to them quickly, and sacrifice appear- 
ances as a result. This is no doubt the reason for the astonishing number 
of various types of quick-service restaurants in America, and for their 
popularity, for nowhere else in the world is it possible to find a lunch 
counter or cafeteria, or be served food, as quickly as in America. 

It is a simple matter, however, for the manufacturer to color his 
product properly. A poorly colored product in a row of ice cream samples 
is very noticeable, even to a casual observer. True, color is given a low 
numerical value, but the score card is believed to be properly balanced, 
considering the importance of the previous factors. 

Package.—Though the ice cream container does not come to the 
consumer’s notice as does the butter package or the milk container, it 
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has just as direct an influence upon the quality of the product it con- 
tains. Rusty cans may be wholly responsible for off and metallic 
flavors. Since the container may even be a source of bacteria, it quite 
properly finds a place in the score card, and the weight assigned it seems 
quite justifiable. 

Fat and Solids.—Fats and solids are not given a numerical rating 
on the score card, although they may play an important part in com- 
petitive judging. State standards take ample care of the butterfat 
standard, while competition forces the manufacturer to maintain a 
fairly uniform fat, in many cases as close to the minimum standard as 
the law allows. No premium is allowed on the score card for high fat, 
because an increase in butterfat beyond commercial limits is naturally 
reflected in the flavor score. It is difficult to determine by taste alone 
a difference of 1 or 2 per cent in the butterfat content of ice cream, except 
perhaps by the slightly increased palatability. Solids are placed on the 
score card at a minimum of 34 per cent of the total, since it is believed 
that an amount less than this does not give sufficient palatability or 
food value to the ice cream to enable it to receive continued favor with 
the public and health authorities. Sooner or later all the states will 
follow California’s lead and require a certain percentage of food solids 
(food solids being defined as butterfat, milk solids-not-fat, and sugar) 
per volume of frozen product. When that time arrives, the total solids 
in ice cream will be taken care of in the same manner as butter fat is at 
present. 

Method of Scoring.—The scoring of ice cream is done most con- 
veniently by comparing samples under conditions similar to those under 
which they are consumed. It is quite difficult to place a correct score 
on an individual sample of ice cream, although certain flavors and 
certain defects may manifest themselves in it. The ice creams to be 
scored should be dipped at a uniform temperature into convenient con- 
tainers, such as paper plates. These should be placed in a room where 
they may be observed during melting. 

Before the sample is taken, at least one-half inch should be removed 
from the top of the can, note being made of whether it was capped with 
parchment and of the condition of the can. A uniform amount should 
be dipped into the plate. Care should be taken not to mash the cream 
against the side of the can or to exert excessive pressure on the dipper 
when scooping. The grain, stickiness, and color should be observed 
during the dipping. Some creams have a tendency to roll under the 
dipper; others are decidedly sticky and soggy, and even though a 
uniform temperature be maintained, some are much harder than others. 
This indicates to some extent the amount of overrun and the amount of 
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solids, mostly sugars, in solution. The dipper should be washed in clean 
water after each sample is taken, in order not to mix the flavors. This is 
particularly necessary in a scoring contest where a large number of 
samples are to be dipped. A metal spoon, rather than a wooden one, 
should be used when examining the sample. Flavors are likely to be 
transmitted with the wooden spoon, and the texture is difficult to 
ascertain. If the metal spoon is held loosely in the hand and inserted 
into the cream in the dish, the iciness or crystal formation can be easily 
detected. All samples should be treated in the same manner. If some 
are torn apart more than others, they have more area exposed to melting 
and may thus invite a criticism that is not really justifiable. The color 
of the ice cream should be examined soon after the samples have been 
lined up for judging. In contest work, all samples should be identified 
by number, rather than by the manufacturers’ names, so that the 
scoring may be absolutely unbiased. A judge may be unconsciously 
influenced if he knows the name of the manufacturer. 

Ice cream should have a texture that is smooth, firm, close, and free 
of crystals of all kinds. When placed in the mouth, it should contain 
enough solids to indicate substance and at the same time not be soggy 
or too heavy. A lack of solids, which is usually accompanied by the 
formation of larger ice crystals, may be due to the incorporation of too 
much air. To be most palatable, ice cream should not be served in its 
hard, frozen condition, but should be soft enough to be smooth and 
creamy. Melting should take just a little longer time than that required, 
under ordinary conditions, to consume a generous serving of ice cream. 
The melted ice cream should have sufficient viscosity to be palatable to 
taste and pleasing to sight. The casein, therefore, should be left in as 
nearly normal a condition as possible, and enough solids should be 
incorporated into the mix to prevent the watery, low-solids appear 
that is so common in melted ice cream. 

The flavors of ice cream in the frozen condition are not readily 
detected. The cream has to be melted in the mouth in order that odor 
and flavor may be detected. A poor grade of vanilla is evidenced by the 
coarse, bitter flavor so characteristic of the materials used in making 
extract of a low grade. 

A good judge never swallows the ice cream, or he would soon lose 
his keen sense of taste. Needless to say, he must be able to identify 
flavors. Rinsing out the mouth with water after the scoring of each 
sample is conducive to greater accuracy in this respect. Cleanliness, of 
course, should be strictly observed. 

Accuracy of Scoring.—It is said that expert judges are born and not 
made. This is not altogether true. A good judge must be a careful 
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workman with a keen sense of taste and smell, and must be very familiar 
with the products that are used in the manufacture of ice cream in order 
that he may know the causes of certain flavors. Most people possess 
sufficiently keen senses of taste and smell to enable them, with practice 
and a thorough knowledge of the industry, to become quite expert in 
judging quality. When more than one judge scores, as should be the 
case in educational contests of State and National Shows, each should 
work independently. Consultations should not be held. The scores 
should be turned in to the secretary, and should agree quite closely. 
When this is not the case, the sample should be re-scored without the 
former scores being made known. It is true that slight differences of 
opinion and slight differences in evaluation of certain defects may exist 
between judges, but in practice among good judges these differences do not 
affect thescore to any great extent. Onthescore card suggested, a good ice 
cream should rate not lower than 93. It is not uncommon for a sample to 
be scored several points higher when exceptional quality is encountered. 

The ice cream should be scored as found. Certain defects, however, 
such as rancidity, should be cut quite severely, even though they be 
sight at the time, since they indicate that the product will be unmarket- 
able in a short length of time. The treatment ice cream receives in the 
cabinets at the dealers’ fountains may bring out its defects and cause it 
to deteriorate quite rapidly. 


SoME oF THE Common Ice CreAM DEFECTS 


Flavor: Texture and Body: 
Bitter Soggy 
Cooked Coarse 
Egg powder Weak 
Flat Sticky 
Foreign Watery 
High Sandy 
Lacking sweetness Gelatin lumps 
Metallic Fluffy 
Neutralizer Buttery 
Old butter ley 
Old cream Crumbly 
Salty 
Rancid Color: : 
ae : Too light 
Stale Too high 
TPooswoot Unnatural 
Unnatural Uneven 
Unclean Package: 

Rusty 
Dented 
Not full 


No parchment 
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If the scoring can be done by ice cream makers, it has an additional 
educational value, in the establishment of ideals for producing more 
uniform ice cream. The entries in the contests held in California for 
the last six years, the last five being held in connection with the Pacific 
Slope Dairy Show, clearly indicate the value of commercial ice cream 
scoring. At first, practically every imaginable color of ice cream was 
shown; while in 1926, with one exception, all samples were almost 
identical in this respect. Uniform quality over a large area is bound to 
react in increased consumption. 


FLAVORS 


Bitter.—This flavor is quite uncommon in ice cream. It is easily 
distinguished by its peculiar astringent effect on the tongue. A bitter 
flavor in ice cream may or may not be intensified upon holding, depend- 
ing upon the source of the bitterness. 

Bitterness usually results from the use of a poor grade of vanilla. 
It may be caused, however, by a poor quality of milk and cream. 
Weigmann! states that bitterness in dairy products may be caused by 
pasteurizing the milk proteins, which yieid bitter-tasting albumoses 
and peptones. Certain types of bacteria, such as Streptococcus casei 
amart, have been reported by Jensen? as a source of bitter flavor in 
milk. In some ice cream plants, standardization of the acid is a common 
practice. Where lime is used as the agent to standardize the acid and 
where an unusual amount of acid has been reduced, bitter flavors may be 
produced, not so much by the amount of lime used as by the method of 
adding it. If lime is to be used, it should be added slowly at the time of 
pasteurization when the mix is approximately 90° F. and while the mix 
is being agitated. (See Chapter X.) 

Obviously, the remedy for bitter flavor is better ingredients. 

Cooked.—A cooked flavor, which is quite common, has nothing to 
do with the keeping quality of ice cream. It is usually derived from 
improperly pasteurized mix and from the use of poor condensed or poor 
skim-milk powder. It should not be confused with an oil flavor, for the 
two have nothing in common. 

Often the heating medium is too hot or the agitation is too slight 
to remove the mix from the heating element fast enough to prevent a 
part from being scorched during pasteurization. Too high a temperature 
at this time invariably imparts a cooked flavor. The condensed product, 
too, whether plain or sweetened, often imparts a cooked flavor to the 


1 Weigmann, Otto, Mykologie der Milch, 1911, p. 132. 
2 Orla-Jensen, P., Die Bakteriologie der Milchwirtschaft, p. 82. 
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cream. This may be due to the superheating of the condensed product, 
to pasteurization temperatures that are too high, or to the improper 
operation of the condensing unit. Improperly manufactured powder or 
a poor type of drying unit may also be contributing causes. Then, too, 
certain types of powder invariably impart to the ice cream a pronounced 
cooked flavor, while others give only a very slight one. 

The remedy is to be found in improved methods of pasteurization or 
in the use of better products. 

Egg Powder.—In mild cases, egg-powder flavor is hard to distinguish 
from cooked flavor. With a poor grade of egg-powder, however, the 
flavor is easily detected. An off-flavor derived from this source is very 
objectionable, as it indicates an insanitary method of manufacturing 
the powder. The flavor is disagreeable and highly objectionable. 

The remedy is to use a better grade of egg-powder, or to omit egg- 
powder altogether. 

Flat.—Ice cream is said to possess a flat flavor when it lacks the 
delicate aroma and flavor found in that of the best quality. This defect 
is not so objectionable in itself. If insufficient flavor is used, the flavor 
of the dairy products is allowed to show through. [If all of these are of 
the best quality, the cut on flavor should be very slight. 

The remedy is the use of an additional amount of good flavor. 

Foreign.—Often the judge will encounter peculiar off-flavors, the 
source of which may be unknown. They are chiefly due to certain types 
of bacteria. In the manufacture of ice cream, the sources of materials 
used are so varied that when the products are blended together a new 
or peculiar flavor at times may result. The score on such a criticism 
depends entirely upon the intensity of the defect. The sample is not 
usually cut severely. When the flavor is very pronounced, its source 
can often be identified. 

High Flavor.—High flavor, as may be inferred, is the result of using 
too much flavor. The quality may have been excellent, but too much 
has been used, making the product objectionable. The remedy is self- 
evident. 

Too Much Sweetness.—The sweetness in ice cream comes largely 
from the sucrose, either beet or cane, although in some states corn 
sugar (dextrose) is used to some extent to replace a portion of the sucrose. 
The ice cream manufacturer has learned that an increased solids content 
smooths up the finished product. After the maximum amount of 
sucrose has been used, corn sugar is often added in an effort to produce 
a smooth cream without obtaining too much sweetness. Sugar is 
one of the cheapest sources of solids in ice cream and is used to a con- 
siderable extent. Ice cream that is too sweet is sickening to the taste 
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and is not conducive to the proper consumption. When used exces- 
sively, sugar lowers the freezing point to such an extent that the ice 
cream becomes soft when it is held under ordinary cabinet conditicrs. 

The remedy is to reduce the sugar content of the mix. 

Lacking Sweetness.—Ice cream with low sweetness is seldom 
encountered, for, as was pointed out above, sugar plays such an impor- 
tant part in the mix that the tendency is to use too much rather than 
not enough. Ice cream lacking in sweetness is generally open, coarse, 
often icy and excessively hard when held in a cabinet at the usual 
storage temperature. If insufficient sugar is added, the product generally 
lacks smoothness and richness of flavor as well as food value. The 
correct amount of sugar is very desirable. 

The remedy is an increased amount of sugar. 

Metallic—Metallic flavor is very objectionable and is quite often 
found in ice cream. A poor grade of vanilla will often give a suggestion 
of metallic flavor. This flavor is generally understood to give the 
semblance of an astringent or puckery condition characteristic of such 
salts as those of copper and iron. The defect is usually quite evident 
and is generally accompanied by other off-flavors. When found in a 
fresh cream, even in a very mild form, it should be criticized quite 
severely, for it will become more pronounced as the cream ages. In 
fact, within a short time an ice cream having a metallic flavor becomes 
unsalable, for cold storage temperatures do not check the development 
of this flavor. 

The causes of metallic flavor are somewhat varied. The use of old 
rusty milk cans or of copper vats whose tin lining has been worn away, 
thus exposing the copper, is undoubtedly responsible in many cases. 
The increasing popularity of glass-lined equipment in the last few years 
may be partly accounted for by the desire to avoid this flavor. Sweet 
butter, which is often used as a source of fat in ice cream, sometimes 
imparts a metallic flavor, particularly when it is made from sour or 
neutralized cream in a factory with poor equipment. Some manufac- 
turers make their mix in copper condensing pans. As a usual thing, 
mix made by this method should have no more metallic or off-flavors 
than one made by the usual method. If the pan is not thoroughly 
cleaned, however, metallic flavors will result. A very small quantity of 
copper salts added to a quantity of mix also produces the character- 
istic metallic flavor. While from two to three days are required after 
the addition of the salt for the flavor to become noticeable, it continues 
to develop and in five or six days sometimes renders the product un- 
marketable. The same thing applies to condensed skim, either plain or 
sweetened. Copper pans are used in the manufacture of practically all 
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of the condensed solids. The condensed product, therefore, even in the 
form of powder, is a potential source of metallic flavor. Guthrie? states 
that it may be developed from a certain type of bacteria which is a 
member or a strain of the S. lactis group, or from certain enzymes. 
Hunziker* makes the following statement: 


Attempts to attribute the metallic flavor to the presence in the 
cream of specific bacteria or groups of microérganisms experimentally, 
have proved abortive. While bacteria, through their power to decom- 
pose portions of the ingredients of cream and butter, forming acid and 
other cleavage products, may assist to a limited extent in the produc- 
tion of metallic flavor, they cannot be considered as the specific cause 
of this defect. 


The prevention of this flavor depends upon the use of well-tinned 
equipment or of glass-lined containers, if practical, and upon the enforce- 
ment of sanitary measures. 

Neutralizer.—This flavor is quite uncommon in ice cream, though 
the standardization of acid in mix is not unusual. It is true that if a 
neutralizer is used, it remains in the ice cream, though this is not the case 
with butter. The neutralizer used on cream before the butter is man- 
ufactured is drawn off with the buttermilk; in ice cream it remains in 
the finished product. While none of the approved neutralizers are 
detrimental to health, particularly in the quantities that are used in an 
ice cream mix, the possibility of their abuse is evident. They should 
never be used in an ice cream mix that has developed a sour flavor. 
There are many neutralizers which could be used in standardizing the 
acid. The effect upon the. mix differ, depending upon the neutralizer 
used. Cream that has been neutralized to any marked degree is often 
subject to oxidation. 

A neutralizer flavor is detected by a slight burning and contraction 
in the back of the mouth. An ice cream mix probably need not have the 
acid reduced more than 0.05 of 1 per cent at the most and, if the neutral- 
izer 1s properly prepared and added, no off-flavor directly due to 
neutralizer need occur. 

The remedy for this flavor is the use of good quality material with 
as nearly uniform acid as possible. 

Old Butter.—It is difficult to identify an old-butter flavor in ice 
cream, even though the off-flavor be detected. When stale butter is 
used, it will cause a stale flavor in the ice cream. If too old, it may be 
slightly rancid. In such case the ice cream is termed rancid. 

There is a certain relationship between old cream, old ingredients, 


3 Guthrie, Bul. 373, Cornell, 1916. 
4 Hunziker, O. F., The Butter Industry, 1920, p. 485. 
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and old-butter flavor, but it is difficult to segregate them when they are 
found in ice cream. 

Since an old-butter flavor in ice cream is due to the quality of the 
butter used, the remedy is apparent. 

Old Cream.—All that was said concerning the old-butter flavor 
applies to that arising from the use of old cream. These two products 
are used largely as a source of fat. It is evident that improper handling 
of them will appear as an off-flavor in the ice cream. A better grade of 
product will eliminate this defect. 

Salty.—Salty flavor is usually due to the presence of too much 
sodium chloride. In the past, some manufacturers have added a small 
quantity of sodium chloride to the mix. This idea undoubtedly was 
taken from the butter industry. It is a well-known fact that salt brings 
out the flavor of butter. Ice cream of a few years ago contained slightly 
more fat than the present-day product, although the latter has more 
food value and a better nutritive ratio, and is far more palatable than 
its predecessor. Modern practices do not call for the use of salt. The 
most common cause of this flavor to-day, therefore, is leaky cans or 
brine contamination during the handling and storing previous to the 
time the ice cream reaches the consumer. 

The remedy for this flavor is to eliminate the use of salt in the mix 
and to use sound containers. In case the brine gets into the ice cream 
after it is well hardened, the cream can be saved without any material 
damage by simply taking off the outer layer. Saltiness 1s a defect quite 
often met with in small brick deliveries. In such a case, rinsing the brick 
under the faucet easily removes the salt water without any particular 
injury to the quality of the cream. 

Rancid.—Rancidity is a very objectionable flavor, indicating poor 
quality of ingredients and insanitary conditions. It is usually due to 
a decomposition of the butterfat in a poor grade of cream or butter. In 
some instances, the equipment is not properly cleaned, considerable fat 
being left on the walls or coils. This becomes rancid and contaminates 
the mix. The cause of this flavor is the same in any case, though the 
source of contamination may be varied. The splitting of the fat, causing 
this highly undesirable flavor, is probably due to bacterial and mould 
action. There is usually enough protein and lactose present to provide 
the proper food elements for the growth of this type of bacteria. 
Recently, considerable thought has been given to enzymes, and it is 
very possible that part of the rancid flavors are due to enzymatic action. 
Ice cream mix itself very seldom becomes rancid. There seems to be an 
association between the amount of acid present and rancidity. An ice 
cream mix usually is fairly low in acidity, and, since it is handled rapidly, 
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there is very little chance for rancidity to develop if the equipment is in 
good condition and the ingredients are of the right quality. 

The use of rancid nuts may be an unlooked-for source of rancidity 
in ice cream. 

The amount of air in ice cream has*a bearing upon the amount of 
hydrolysis that takes place, just as air affects the hydrolysis of butter. 
This hydrolized flavor is criticized as rancid. It is easy to see that this 
is a very serious defect, as the flavor is easily detected by the consumer. 
Any ice cream held in storage long enough, regardless of the quality of 
the products from which it was manufactured, may develop a slight 
rancid flavor. In its early stages, this flavor is more often referred to as 
stale—not that there is a particular relationship between these two 
criticisms—but as the cream becomes older, this flavor: becomes more 
pronounced and is more easily identified. 

To remedy this condition, dairy products of better origin should be 
used and the length of time the ice cream is kept in storage should be 
limited. Any milk, cream, or butter that has a slight rancid flavor 
should be discarded. Its use may escape unnoticed for a short while, 
but a sound business cannot be developed with this class of product. 
Unfortunately, the manufacturer who uses products of this kind not 
only injures his own sales but casts a smirch upon the whole 
industry. 

Sour.—Sourness is probably discriminated against more than any 
other flavor that ice cream could contain. While rancidity is highly 
objectionable, the customer does not seem to retain the memory of this 
particular flavor as long as that of sourness. Ice cream that is sour is 
unmarketable. Manufacturers know that it is a waste of time and 
money to attempt to deliver such ice cream. The cause of this defect 
lies in the improper handling of one or more of the dairy products. 
Sour ice cream has not been produced under sanitary conditions or has 
not been held at low enough temperatures to prevent the development 
of acid-producing bacteria. There are almost always other flavors accom- 
panying this one. In addition to the types of organisms which produce 
the sour flavor, many other organisms are growing also. A sour ice cream 
very often has an unclean flavor as well. The texture and body are 
always defective, since the acid tends to make the protein brittle. 

Stale or Old.—The stale flavor is generally caused by holding ice 
cream too long in the cold storage box. It usually will become rancid 
if held long enough. 

The remedy for stale-flavored ice cream is to stock less heavily and 
to work for a more rapid turnover. Staleness is usually encountered 
during the winter season. 
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Unnatural.— Unnatural flavor refers more specifically to artificial 
flavors. With artificial flavoring it is almost impossible to obtain a true 
strawberry flavor. Some manufacturers are using certain artificial 
vanillas that are harsh and unnatural. Some of these contain no vanilla 
and are crudely put together. Ice cream with a desirable flavor and 
aroma cannot be obtained with the use of cheap grades of flavoring. 
There is entirely too much low-grade vanilla extract used at the present 
time. The cost per gallon is not excessive, even if the best grade of 
vanilla is used. Anything that tends to increase the palatability of ice 
cream and thereby to increase its consumption, even though the increase 
be slight, readily pays for the small additional cost of a high-grade 
extract. These same remarks apply to other flavors. 

Unclean.—The word unclean suggests improper handling of the mix. 
An unclean, dirty flavor is highly objectionable. It is usually associated 
with high bacterial counts and a product of low grade. Pipe lines or 
small, inaccessible places in the equipment are often accountable for 
this flavor, which exists entirely too often in ice cream. Some pieces of 
equipment which the manufacturer is compelled to use are not so con- 
structed as to be cleaned and sterilized easily. Since some states are 
putting into their statutes a bacterial standard, changes will no doubt 
be made in the construction of some pieces of equipment so as to allow 
easy cleaning and sterilizing. é; 

Improper methods of production used by the dairyman constitute 
another important source of unclean flavor. 

The remedy for this flavor is cleanliness. Cleanliness, as a matter 
of fact, is paramount in the production of a high-grade ice cream. 
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Soggy.—Sogginess is not a very common defect in commercial ice 
cream, but is nevertheless objectionable. It is due usually to the incor- 
poration of an insufficient amount of air. Bread would be very unpala- 
table if the loaf were not allowed to rise before being baked. This increase 
in volume in bread and decrease in weight in order to obtain the desirable 
characteristics is comparable to the freezing of ice cream, in which air 
is incorporated to a certain percentage, thereby effecting a more 
palatable product. If insufficient air is incorporated, a soggy, heavy, 
doughy body results, which is unpalatable and objectionable to the trade. 
Certain small manufacturers who have not the facilities properly to 
manufacture their product often have a soggy ice cream. The selling 
price of the product has been set with this knowledge, and ice cream 
not containing the desired amount of air may be unprofitable to the 


manufacturer. 
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Coarse.—Coarseness is a defect found in most ice cream. The process 
of manufacture has not been improved to such an extent as to eliminate 
this criticism completely. Occasionally, an ice cream may be found 
that has the desired smoothness and that is close in texture. Just what 
factors must be controlled in order to obtain a product of sufficient and 
uniform smoothness is not definitely known. The higher the percentage 
of solids in the mix, the smoother the product, all other factors being 
equal. A low-solids ice cream is prone to be coarse and grainy, although 
it may be heavy in weight per volume and still may not be soggy, since 
the percentage of total solids may be low while the food solids per 
volume are normal because of the percentage of yield obtained. There- 
fore, the control of the weight of a definite volume of ice cream does not 
necessarily mean that a desirable product will be manufactured unless 
some provision is made for the total solids per volume. 

Weak.—The use of insufficient stabilizer results in a weak ice cream. 
Certain edible stabilizers, one of which is gelatin, enable the manufac- 
turer to assemble, process, harden, deliver, and dispense his product to 
the consumer in its most desirable form. If a low-grade stabilizer is 
used, the ice cream melts too rapidly; it lacks body, even though it 
may have other solids present, and it has a tendency to appear watery 
and lacking in substance. 

Sticky.—Sticky ice cream is usually the result of using too much 
stabilizer or one of the wrong kind. It is a doughy condition somewhat 
similar to sogginess and just as objectionable. If the trouble can be 
attributed to the stabilizer, the ice cream will be resistant to melting. 
An ice cream that will not melt is immediately branded by the con- 
sumer as undesirable and probably adulterated. He is not familiar with 
all the ingredients used and cannot understand why the ice cream does 
not melt as rapidly as that made at home where a stabilizer has probably 
not been used. 

Watery.—A watery condition is a defect in ice cream usually caused 
by the improper use of enzymes or improvers or by an insufficient 
amount of solids. Melted ice cream should be somewhat viscous, 
having the appearance of a 38 or 40 per cent whipping cream. One that 
is low in solids tends to separate and whey off on the outer edges, giving 
the appearance of milky water. When enzymes have been used 
improperly, the casein is coagulated and the water is allowed to separate 
and melt down, showing a curded condition. Even though only a slight 
amount of enzyme has been used, close examination will show the curdy 
condition. An enzyme used in a normal mix, fresh from the cooler and 
frozen immediately, produces a smoother-textured cream which requires 
less time to freeze. 
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Sandy.—Sandiness is the result of the crystallization of milk sugar. 
The milk solids-not-fat contain slightly more than 50 per cent of milk 
sugar (lactose). If an excess of milk solids-not-fat is put into the mix 
and pasteurized, a supersaturation of lactose will exist. Since lactose is 
the most insoluble sugar in ice cream, it is the first one to crystallize, 
forming hard, quite insoluble crystals. These naturally make the texture 
of the ice cream rough. The method of correcting this condition is to use 
a smaller amount of milk solids or a process whereby the milk-sugar 
content of the milk solids-not-fat is decreased or is put into such a state 
that the crystals do not form in the finished product. 

Nut ice cream seems prone to become sandy. This may be attributed 
to the fact that the nuts act as nuclei for crystallization. This theory 
seems to be well founded, since ice cream with a high percentage of nuts 
becomes sandy more quickly than one with a low percentage. 

Gelatin Lumps.—This defect is very uncommon in commercial ice 
cream. The average manufacturer either prepares his gelatin in water 
before adding it to the mix or else sprinkles it over the mix during the 
pasteurization process. This allows the gelatin to go completely into 
colloidal solution and makes it impossible for gelatin lumps to appear 
in the finished product. Some manufacturers, however, stir the hot. 
gelatin solution into the cold mix. This method often does not allow 
the gelatin to be dispersed through the mix rapidly enough to prevent 
the formation of small strings or lumps. It is not unusual to find on 
the strainer, which is on top of the freezer, a quantity of gelatin shreds 
or lumps, the result of the gelatin being added improperly. Since it is 
impossible to strain out all of these, they appear as gelatin lumps in the 
finished product. In case the mix is not strained and is used in a tub 
freezer, the criticism may be quite severe. 

Fluffy._—A fluffy ice cream is one that has incorporated too great a 
percentage of air or gas in relation to the percentage of total solids in 
the mix. Such an ice cream, when taken into the mouth, disappears or 
melts rapidly. The layman is quick to criticize this defect of texture 
and body. Health officials and ice cream retailers have striven for the 
past few years to have ice cream sold by weight, hoping thus to eliminate 
ice cream with an excessive yield. (See Control of Yield, page 197.) 

The loading of ice cream with air is highly objectionable and is 
practiced by only a few manufacturers. Producing fluffy ice cream 
injures the confidence of the public in the industry. 

Buttery.—Small butter granules may appear in the finished product. 
The last can drawn from the freezer is usually the most defective in 
this respect, for the granules collect on the dasher blades and are gener- 
ally discharged toward the end of the run. These granules are due either 
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to the lack of homogenization or to improper homogenization. It is 
almost impossible for a commercial manufacturer to produce an ice 
cream free from butteriness if he fails to homogenize the mix. Some 
homogenizers are really only pumps, and actually afford very little 
homogenization. A buttery condition is the result. This can be avoided 
either by servicing the homogenizer, or, in the case of unhomogenized 
mix, by putting the mix into the freezer as near the freezing point as 
possible. Such a practice allows solidification of the fat in its natural 
form before it has time to coalesce and form butter granules. 

Icy.—Iciness is differentiated from sandiness by the fact that the 
ice crystals are very soluble, being nothing but frozen water, while the 
sand crystals are insoluble. Low-solids ice cream mix is quite prone to 
form ice crystals. When drawn from the freezer in a soft condition, ice 
cream is subject to the formation of ice crystals. Even though it be 
frozen properly, drawing it into warm cans tends to cause the melting 
of a layer around the outside of the can, and during the hardening process 
this layer becomes icy. Most manufacturers know how to avoid iciness 
in the latter case. However, where an ice-and-salt cabinet is used, the 
alternate hardening and softening of the cream results in a gradual 
separation of the water from the solids, to such an extent that the forma- 
tion of ice crystals may occur. This is especially true during the winter 
season when there are successive days of hardening and softening before 
the ice cream is sold. The use of iceless cabinets by the retailer has 
helped to eliminate this condition. 

Crumbly.—Crumbliness in ice cream, unless quite pronounced, is 
not a very serious defect. It simply means that the ice cream fails to 
stick together. It may be smooth to the taste, fairly close in texture, 
and free from ice crystals. To eliminate crumbliness requires an adjust- 
ment in the relationship between the different solids. Increasing the 
sugar tends to produce an ice cream free from crumbliness. An increased 
amount of gelatin may also help in eliminating it. 


COLOR 


Too Light.—An ice cream that is chalky in appearance is not nearly 
so pleasing to the eye as one with a light creamy color. The public has 
long associated a certain color in vanilla ice cream with “‘richness.”’ In 
strawberry ice cream, too light a strawberry color gives the impression 
that only a small amount of fruit has been used. 

Ice cream containing too much color is even less desirable than that 
containing too little. Over-coloring regardless of the flavor produces an 
artificial appearance. The public, while it may not ask, naturally con- 
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cludes that the high color is artificial and then almost invariably finds 
many other defects in the cream which may or may not exist. 

Unnatural.—A few years ago, almost any shade could be found in 
vanilla ice cream, from no color at all to yellow (ali shades), lemon, 
orange, etc. These off-color creams are gradually disappearing, and the 
manufacturer is learning the consumers’ preferences. A color that gives 
to an ice cream the true shade of butterfat is far more desirable. Some 
certified colors blended together may be used quite satisfactorily. Often, 
however, a tinge of green accompanies a yellow, and yet again orange 
or lemon. All of> these are recognized by the consumer as artificial. 
Cheese color makes a highly desirable color for vanilla ice cream. Butter 
has been colored for years, with the idea of producing a uniform shade 
throughout the seasons. It has also been customary, for a long time, to 
add color to cheese. There can be no other reason for using cheese color 
except to make the product more attractive. Anything that tends to 
make a product more attractive to the eye tends to make it more 
palatable. 

Uneven.— Uneven color is an unusual defect and is not very serious. 
It is usually found where color has been added to the freezer after the 
cream was practically frozen. In such a case sufficient time is not 
allowed for the color to be distributed through the mix. This can be 
easily remedied by adding the color at the proper time. If a uniform 
amount is not added, a can filled from two different runs is apt to have 
a break in color. 


PACKAGE 


Rusty.—Rusty cans are subject to criticism by health departments, 
and sometimes by dealers. The consumer sees but little of the can in 
which the cream is delivered. The use of a can or package that has the 
appearance of cleanliness and of being well kept tends to impress upon 
the purchaser that the product inside the container is of equal quality. 

Dented.—Dealers often object to dented cans, feeling that they are 
receiving less volume than they are paying for. In reality, however, 
very few dented cans affect the volume to any extent. Nevertheless, 
the impression left with the dealer that the manufacturer’s equipment 
is not correct may lead to dissatisfaction and may even be the means 
of losing his account. 

Not Full.—It is highly desirable that a can be filled. All cans on the 
market to-day hold practically the amount for which they are intended. 
A can that lacks one-half or one-quarter inch of being full is objection- 
able, and dealers will complain if such cans are delivered to them. They 
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are paying for a full container and are entitled to it. The practice of 
some manufacturers of over-filling cans is just as undesirable, for the 
dealer soon comes to expect all cans to be over-filled. Striking the cans 
level with the top is a practice to be recommended. The ordinary 
increase in volume during the hardening process is sufficient to fill a can 
neatly and completely. The value of uniformity of cans to the dealer 
is worth the cost of the extra labor. 

No Parchment.—All cans should be capped with parchment paper 
before being lidded. This serves as a protection from salt and brine 
leaks around the lid, and prevents contamination from the lid, which is 
not often given the same sanitary attention as the can, although it should 
receive just the same care. 


CHAPTER X 


METHODS OF ANALYZING DAIRY PRODUCTS USED 
IN ICE CREAM MAKING 


In orpER to manufacture and control economically the quality of 
ice cream, it is necessary to make frequent tests of the raw materials 
used as well as of the finished product. 

Though in many cases there are several methods of making the 
same test, detailed instructions are given here only for those methods 
which are most commonly used or are most accurate when speed, sim- 
plicity, and economy are important factors. Other methods, which may 
be found preferable under certain special- 
ized conditions, will be mentioned. 

In testing, it should always be re- 
membered that the sample must exactly 
represent, in composition, the can of milk, 
tub of butter, or other product from 
which it is taken. This is true when the 
sample is taken for the laboratory or 
when it is measured into the test bottle. 
Every precaution should be observed in 


obtaining and caring for the samples. Courtesy Creamery Package Mfg. Co. 
Sample bottles should be large enough Fa. 68. Fig. 69. 

to accommodate the sample and should Recommended Types of Sample 

have a convenient method of identifica- Bottles. 


tion, preferably an etched surface on 

which one can write in pencil. They should also be easy to clean and 
should be fitted with a stopper to prevent leaking and spilling. A screw 
cap with tight rubber gasket is best, though paraffin paper caps can 
be used if samples are to be tested within forty-eight hours. 


METHODS OF ANALYSIS FOR BUTTERFAT 


The Mojonnier Method.—This method may be used to determine the 
fat content of all dairy products with a greater degree of accuracy than 
any other method adapted to commercial conditions. It requires the 
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use of the specially constructed Mojonnier Tester, with which is fur- 
nished complete instructions! for analyzing all dairy products. Those 
details, therefore, are not repeated here. The main-disadvantages of 
this method are that it is expensive to install and requires a highly 
trained and careful operator. 

The principle of the Mojonnier Method is similar to that of the 
Rose-Gottlieb, where the solids-not-fat in a weighed sample are dis- 
solved by ammonia and the fat extracted with ether. The ether-fat 
solution is then decanted, the ether evaporated, and the fat weighed 
directly. The percentage of fat is calculated from the weights of the 
sample and the fat. 

The Babcock Method.—This method was invented by Dr. Babcock 
and given to the world in 1890. It is based on the principle of dissolving 
the solids-not-fat with sulphuric acid, bringing the fat to the surface by 
centrifugal force and collecting it in a tube calibrated to read directly 
in per cent. Because of its wide adaptability, low cost of installation, 
and simplicity of operation, it has been almost universally adopted in 
this country for determining the fat content of dairy products, 

Milk 

The bottle for sampling milk should be clean and dry, to prevent 
any dilution or adulteration. The milk must be thoroughly mixed, 
preferably by pouring from one container to another four or five times. 
If any other method of mixing is used, great care must be exercised to 
get a homogeneous emulsion of the fat. At least 1 oz. of milk should 
be taken, to insure a sufficient sample for three or four determinations, 
if necessary. It should be carefully labeled and kept in a cool place 
until tested. If samples are to be transported long distances, the 
bottles should be filled to capacity, to prevent agitation and churning. 
A preservative is usually added. 

A composite sample is made up of simple samples of two or more 
lots of milk and is used to save time, labor, and material. When 
properly taken and cared for, it gives results which are practically as 
accurate as daily samples. Care must be taken to have the amount of 
milk in each simple sample proportional to the quantity from which it 
is taken. This is especially important when two lots of milk vary widely 
in either amount or fat content. Composite samples should contain at 
least 75 c.c. of milk. A preservative should be added because they are 
usually kept from ten to fifteen days before being tested. The bottles 
should be full if they are to be transported long distances. 


‘Complete instructions are given in “The Technical Control of Dairy 
Products,” by Mojonnier and Troy, published by Mojonnier Brothers. 
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Corrosive sublimate is the most satisfactory preservative. It is 
obtained in the form of colored tablets, which are readily soluble in 
milk. Those prepared by the citric method should not be used, as they 
will cause lumps of curd, making impossible a smooth mixture for 
pipetting. Dairy supply houses may usually be depended upon as 
a satisfactory source from which to purchase, since they are familiar 
with trade demands. One tablet should preserve a half-pint sample 
for a period of two weeks. Not more than 1 per cent of the total weight 
of the sample should be added, however. Corrosive sublimate has the 
disadvantage of being a violent poison. 

Formalin, or formaldehyde as it is commonly called, makes a satis- 
factory preservative. Usually two drops per ounce of sample is 
sufficient. It has the following disadvantages. 


1. It occurs as a liquid and is troublesome to use. 
2. It hardens casein, making it difficult to dissolve. 
3. It is colorless and, therefore, its presence in milk is not visible. 


Potassium bichromate is the least satisfactory preservative. About 
1 gram is necessary for the preservation of 1 pt. of milk. As with corro- 
sive sublimate, not more than 1 per cent of the total weight of the sample 
should ever be added. It has the following disadvantages: 


1. It dissolves with difficulty in milk. 

2. It hardens casein, like formalin. 

3. It gives the milk a rich yellow color and its presence may, there- 
fore, be unobserved. 


When any of these preservatives are added to milk, they should be 
thoroughly mixed with the sample each day. This helps to prevent 
fermentation, checks the growth of mold, and keeps the fat from form- 
ing a tough, hard layer on the top of the milk. . 

Preparation of Sample.—The sample should be warmed to a tem- 
perature of 60° fF. and thoroughly mixed by pouring three or four times 
from one bottle to another. Pipetting should be done within a half 
minute after the milk is thoroughly mixed. A sample partly churned 
should not be tested, because it is impossible to obtain accurate results. 
When a churned sample must be tested, however, it should be warmed 
to a temperature of 110° F., thoroughly mixed, and rapidly pipetted 
before the milk comes to rest. It is very important to pipette this sample 
rapidly, as the fat is melted and rises very quickly. 

Reagents.’—The reagents are commercial concentrated sulphuric 


2 Taken in part from Official and Tentative Methods of Analysis of the Associa- 
tion of Official Agricultural Chemists, 1925 edition. 
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acid with a specific gravity of 1.82-1.83 at 20° C., and water. Soft 
water is preferable, but hard water may be used if a few drops of acid 
are added. 

Apparatus. ® 

Test Bottle—The standard Babcock test bottle for milk shall be as 
follows: 

Eight per cent, 18-gram, 6-inch milk test bottle.—The total height of 
this bottle shall be 150-165 mm. (5.9-6.5 inches). The bottom shall be 
flat, and the axis of the neck shall be vertical when the bottle stands on 
a level surface. The charge of milk for the 
bottle shall be 18 grams. 

The capacity of the bulb to the junction 
with the neck shall be not less than 45 c.c. 
The shape of the bulb shall be either cylin- 
drical or conical. If cylindrical, the outside 
diameter shall be between 34 and 36 mm.; 
if conical, the outside diameter of the base 
shall be between 31 and 33 mm., and the 
maximum diameter between 35 and 37 mm. 

The neck shall be cylindrical and. of 
uniform diameter from at least 5 mm. below 
the lowest graduation mark to at least 5 
mm. above the highest. The top of the 
neck shall be flared to a diameter of not 
less than10 mm. The graduated portion 
of the neck shall have a length of not less 
than 63.5 mm. The total per cent gradua- 
tion shall be 8. The graduations shall 
represent whole per cent, five-tenths per 
Courtesy Creamery Package Mfg. Co. cent, and one-tenth per cent, respectively, 

Fie. 70. Fie. 71. from 0.0 to 8.0 per cent. The tenths per 
Fic. 70.—Eight Per Cent, cent graduations shall be not less than 3 
18-gram, 6-inch Milk Test mm. in length; the five-tenths per cent 
Bottle. 3 
__ graduations shall be not less than 4 mm. 
peer ondard 4 Mik in length and shall project 1 mm. to the 
Pipette. Calibrated to Con- : 2 
ieoririetes. left; and the whole per cent graduations 
shall extend at least half-way around the 
neck to the right and shall project at least 2 mm. to the left of the 
tenths per cent graduations. Each whole per cent graduation shall 
be numbered, the number being placed to the left of the seale. The 


* Taken in part from Official and Tentative Methods of Analysis of the Associa- 
tion of Official Agricultural Chemists, 1925 edition. 
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capacity of the neck for each whole per cent on the scale shall be 
0.20 c.c. The maximum error of the total graduation or any part 
thereof shall not exceed the volume of the smallest unit of the graduation. 
Each bottle shall be so constructed as to withstand the stress to which 
it will be subjected in the centrifuge. 
Pipette—The standard milk pipette shall conform to the following 
specifications: 


Total length: not more than 330 mm. 

Outside diameter of suction tube: 6-8 mm. 

Length of suction tube: 180 mm. 

Outside diameter of delivery tube: 4.5-5.5 mm. 

Length of delivery tube: 100-120 mm. 

Distance of graduation mark above bulb: 15-45 mm. 

Nozzle: straight. 

Graduation: to contain 17.6 c.c. of water at 20° C., when the 
bottom of the meniscus coincides with the mark on the suction 
tube. 

Delivery in 5-8 seconds. 

The maximum error in the graduation shall not exceed 0.05 c.c. 

The pipette is to be marked “Holds 17.6 cc.” 


Acid Measure-—The device employed to measure sulphuric acid, 
whether a graduated cylinder or a pipette attached to a Swedish acid 
bottle, shall be graduated to deliver 17.5 c.c. 

Centrifuge or “Tester.’—The standard centrifuge, however driven, 
shall be constructed throughout and so mounted as to be capable, when 
filled to capacity, of rotating at the necessary speed with a minimum of 
vibration and without liability of causing injury or accident. It shall 
be heated, electrically or otherwise, to a temperature of at last 55° C., 
(130° F.) during the process of centrifuging. It shal! be provided with 
a speed indicator, permanently attached, if possible. The proper rate 
of rotation may be ascertained by reference to the table below. By 
“diameter of wheel” is meant the distance between the inside bottoms 
of opposite cups measured through the center of rotation of the centri- 
fuge wheel while the cups are horizontally extended. 


Diameter of wheel, in inches... .. 10 12 14 16 ie) || AO | Bey ae 
Number revolutions per minute. .|1074 | 980 | 909 | 848 | 800 | 759 | 724 | 693 


Dividers or Calipers—Dividers or calipers are used for measuring 
the fat column. 
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Water Bath for Test Bottles.—The water bath for test bottles shall be 
provided with a thermometer and a device for maintaining a temper- 
ature of 55-60° C. (130-140° F.). The water must always come up to 
the top of the fat column. 

Procedure.—A pipette full of the prepared sample is measured into 
a test bottle, care being taken to have the top of the meniscus of milk 
coincide exactly with the graduation on the pipette. The tip of the 
pipette is inserted into the neck of a clean test bottle, allowed to drain 
from five to eight seconds, and the drop that collects at the tip is blown 
out. While the test bottle is being rotated, 17.5 c.c. of sulphuric acid, 
having a temperature of about 60° F., is added, so as to wash down any 
milk that may be on the sides of the neck. The acid and milk are mixed 
by a smooth circular motion until a uniform color is obtained. The 
test bottles are placed in the centrifuge, and are counterbalanced and 
whirled for five minutes at the proper speed. Water at a temperature cf 
60° C. (140° F.), or hotter, is added to fill the test bottle to the bottom of 
the neck. After centrifuging again for two minutes at the proper speed, 
water is added (140° F., or hotter) to fill to the 7 per cent mark. One 
more minute of centrifuging at the proper speed and the test bottle is 
transferred to a water bath maintained at 130-140° F., being immersed 
to the level of the top of the fat column. It should be left for not less 
than ten minutes. 

The bottle is removed from the bath and, with the aid of dividers 
or calipers, the fat column is measured from its lower surface to the top 
of the upper meniscus. Without being changed, the dividers are then 
placed on the scale and the percentage of fat is read directly. 

The fat column, at the time of measurement, should be translucent, 
of a golden yellow or amber color, and free from visible suspended 
particles. All tests in which the fat column is milky or shows the 
presence of curd or of charred matter, or in which the reading is indis- 
tinct or uncertain, should be rejected. 

Test bottles are emptied immediately by shaking vigorously to 
remove the sediment in the bottom. They should be thoroughly cleaned 
with a solution of washing compound and a brush. The washing solution 
is emptied out, and the bottles rinsed twice with about 20 c.c. of clean, 
warm water each time. 

Precautions for Babcock Test: 

1. Have sample thoroughly mixed, smooth, and uniform. 

2. Have milk and acid at 60-80° F. (16 to 21° C.). 

3. Measure milk accurately, being careful to get full measure 
into bottle. 

4, Have test bottles clean—free from milk and fat or grease. 
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5. Mix milk and acid as soon as possible after adding acid, 
because allowing to stand at this time may result in charred 
material in the fat column, 

. Mix acid and milk with smooth rotary motion. 

7. Have the temperature of the mixture at least 140° F. while 
it is being centrifuged. 

8. Keep the centrifuge balanced, oiled, warm, and run at the 
proper speed. 

9. Have water bath come to top of fat column. 

10. Read tests immediately after removing from water bath. 

11. Read tests correctly and closely. Be careful not to over- 

read or under-read. Read to nearest tenth of a per cent. 

12. Have all fat columns the proper color and supported by a 

clear liquid. 

13. Handle acid carefully. If any is spilled, wash up immediately 

with plenty of plain water and then with dilute alkali. 

14. Clean equipment immediately after using. 


o> 


This procedure agrees with that accepted by the Association of 
Official Agricultural Chemists and should give very accurate results 
for commercial conditions. 


Cream 


In taking samples of cream, it should be remembered that cream is 
more viscous and carries a greater proportion of fat than does milk, 
making it more difficult to secure a homogeneous emulsion. It is fre- 
quently advisable to warm the cream to 90—100° F. to facilitate mixing. 
When handling samples, great care should be used to prevent churning. 
Composite samples of cream should never be taken. Otherwise, the 
directions given for sampling milk should be followed. 

Preparation of Sample.—A sample to be tested in the laboratory 
should be warmed to 100-110° F. (38 to 43° C.) before mixing. ‘‘Oiling 
off,’’ which occurs when the sample is over-heated or allowed to stand 
too long at a temperature of 110° F., should be avoided. After the cream 
is warmed, it should be thoroughly mixed and all lumps broken up. A 
wide-mouthed 9-c.c. pipette is convenient for transferring the sample 
to the test bottle. 

Reagents.4—The reagents are commercial concentrated sulphuric 
acid, with a specific gravity of 1.82-1.83 at 20° C., and glymol, or clear 
white mineral oil, with a specific gravity not to exceed 0.85 at 20° C. Oil- 


4 Taken in part from Official and Tentative Methods of Analysis of the Associa- 
tion of Official Agricultural Chemists, 1925 edition. 
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soluble artificial color may be added to the oil. A good method of 
coloring is to wrap an ounce of the powdered alkanet root in a piece of 
cheese cloth and allow it to soak about twenty-four hours in a quart of 
the oil. Another method® involves the use of an aniline dye, which is 
put in a solution by making a paste of the required quantity of oil, about 
1 gram to the gallon. Heating causes it to go into solution more quickly. 
The remainder of the oil is added and the entire quantity strained 
through cheese cloth. This procedure should not require over ten or 
fifteen minutes. 

Water—Soft water is preferable, but hard water may be used if a 
few drops of acid are added. 


Apparatus. ® 


Test Bottle—The standard Babcock test bottle for cream shall be as 
follows: 

(1) Fifty per cent, 9-gram, short-neck, 6-inch cream-test bottle-—The 
total height of the bottle shall be 150-165 mm. (5.9-6.5 inches). The 
bottom shall be flat, and the axis of the neck shall be vertical when 
the bottle stands on a level surface. The charge of cream for the bottle 
shall be 9 grams. 

The capacity of the bulb to the junction with the neck shall be not’ 
less than 45 c.c. The shape of the bulb shall be either cylindrical or 
conical. If cylindrical, the outside diameter shall be between 34 and 
- 36 mm.; if conical, the outside diameter of the base shall be between 
31 and 33 mm., and the maximum diameter between 36 and 37 mm. 

The neck shall be cylindrical and of uniform diameter from at least 
5 mm. below the lowest graduation mark to at least 5 mm. above the 
highest. The top of the neck shall be flared to a diameter of not less 
than 15mm. The graduated portion of the neck shall have a length of 
not less than 63.5 mm. The total per cent graduation shall be 50. The 
graduations shall represent five per cent, one per cent, and one-half per 
cent, respectively, from 0.0 to 50 per cent. The five per cent gradua- 
tions shall extend at least half-way around the neck to the right; the 
one-half per cent graduations shall be not less than 3 mm. in length; 
and the one per cent graduations shall be intermediate in length between 
the five per cent and the one-half per cent graduations and shall project 
2 mm. to the left of the one-half per cent graduations. Each five per 


> Hither New Port Oil Red No. 13044, sold by the New Port Chemical Works, 
Passaic, New Jersey, or National Oil Red 0, sold by the National Aniline and Chemical 
Company, 357 West Erie Street, Chicago, Illinois, can be used. 

° Taken in part from Official and Tentative Methods of Analysis of the Associa- 
tion of Official Agricultural Chemists, 1925 edition. 
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cent graduaticn shall be numbered (thus: 0, 5, 10, . ... 45, 50), the 
~ number being placed to the left of the scale. The capacity of the neck 
for each whole per cent on the scale shall be 0.1 ¢.c. The maximum 
error in the total graduation or any part thereof shall not exceed the 
volume of the smallest unit of the graduation. 

(2) Fifty per cent, 9-gram, long-neck, 9-inch cream-test bottle.—The 
same specifications shall apply to this bottle as to the 50 per cent, 9-gram, 
6-inch cream-test bottle, with the exceptions, however, that the total 
height of this bottle shall be 210-229 mm. (8.25-9.0 inches) and that 
the graduated portion of the neck shall have a length of not less than 
120 mm. 

(3) Fifty per cent, 18-gram, long-neck, 9-inch cream-test bottle —The 
same specifications shall apply to this bottle as to the 50 per cent, 9- 
gram, 9-inch cream-test bottle, with the exception, however, that the 
charge of cream for this bottle shail be 18 grams. 

Each bottle shall bear on the top of the neck above the graduations, 
in plain, legible characters, a mark denoting the weight of the charge 
to be used, viz., “9 gram” or “18 gram,” as the case may be. 

Each bottle shall be so constructed as to withstand the stress to 
which it will be subjected in the centrifuge. 

Water Bath for Cream Samples—The water bath shall be pro- 
vided with a thermometer and a device for maintaining a temperature 
of 38°10'50> Cx 00-122" F.). 

Cream-weighing Scales—The standard cream-weighing scales shall 
have a sensibility reciprocal of 30 mg., i.e., the addition of 30 mg. to 
either pan of the scale, when loaded to capacity, shall cause a deflection 
of at least one subdivision of the graduation. The scales shall be set 
level upon the table support and be protected from drafts. With a 
little care, it is possible to use butter moisture scales in place of cream 
scales, but they must have the same sensibility and accuracy. 

Weights—The standard cream-test weights shall be 9 grams and 
18 grams, respectively, and shall be plainly marked “9 gram,” or “18 
gram,” as the case may be. They shall be made of material capable of 
resisting corrosion or other injury; shall preferably be of a low, squat 
shape, with rounded edges, and shall be verified at frequent intervals 
by comparison with standardized weights. 


Acid Measure 

Centrifuge or “Tester”’ 
Dividers or Calipers 

Water Bath for Test Bottles 


Described under Milk. 


Pipette —A wide-mouthed 9-c.c. pipette may be used to handle cream. 
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Procedure.—The outside of the test bottles should be dried and 
labeled. They are placed on the scales and, by means of the tare weight 
on the scales, accurately balanced. Nine grams of the prepared sample 
are weighed into a 9-gram cream-test bottle, or 18 grams into an 18-gram 
cream-test bottle, the procedure then ‘being as given in one of the 
following methods: 

Method 1.—After the cream has been weighed into the test bottle, 
8-12 ¢.c. of the sulphuric acid is added, in the case of the 9-gram bottle, 
or 14-17 c.c. in the case of the 18-gram bottle; or acid is added until 
the mixture of cream and acid, after shaking, has assumed a chocolate- 
brown color. The bottle is shaken with a rotary motion until all lumps 
have completely disappeared; then 5-10 c.c. of water is added at 140° F., 
(60° C.) or hotter. This water stops the action of the acid and tends to 
prevent charring. The bottle is transferred to the centrifuge, counter- 
balanced, and, after the’proper speed has been attained, whirled for five 
minutes. Hot water is added until the liquid column approaches the top 
graduation of the scale; the bottles are then whirled one minute longer. 
They are transferred to the water bath, maintained at 55-60° C. (130- 
140° F.), where they are immersed to the level of the top of the fat column 
and left for not less than ten minutes. Two or three drops of glymol are 
placed on the surface of the fat column. Care should be taken to allow 
the glymol. to run down the side of the neck in order to prevent its 
splashing and getting beneath the fat column. The bottles are removed ° 
from the bath, and, with the aid of dividers or calipers, the fat column 
is measured from its lowest surface to the line of division between the 
fat column and the glymol. Without changing, the dividers are placed 
on the scale and the percentage of fat is read directly. 

Method 2. (For a 9-gram. bottle only).—After the cream has been 
weighed into the test bottle, 9 c.c. of soft water is added at 140° F. or 
hotter, and thoroughly mixed; 17.5 ¢.c. of the sulphuric acid is added 
and shaken with a rotary motion until all lumps have completely dis- 
appeared. The bottles are transferred to the centrifuge, are counter- 
balanced, and, after the proper speed has been attained, are whirled 
for five minutes. The bottle is filled to the neck with hot water and 
whirled for two minutes. Hot water is added until the liquid column 
approaches the top graduation of the scale. The whirling is continued 
for one minute longer. The procedure from this point is the same as 
that given under Method 1. 

Whichever method is followed, the fat column, at the time of read- 
ing, should be translucent, of a golden-yellow to amber color, and free 
from visible suspended particles, All tests in which the fat column is 
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milky or shows the presence of curd or of charred matter, or in which 
the reading is indistinct or uncertain, should be rejected. 

Precautions for Babcock Test.—Since good results are hard to obtain 
when testing cream, the following precautions should be observed: 


1. Have sample thoroughly mixed, smooth, and uniform. 

2. In weighing cream, be sure to get it al! inside of the bottle, as any 
on the outside will weigh just the same. 

3. Have cream scales clean, free from dust or cream, and protected 
from drafts. 

4, Balance cream scales in motion (have the pointer swing as far on 
one side of the center as it does on the other) instead of allowing the 
pointer to come to rest at the center. 

5. Have test bottles clean, free from milk and fat or grease. 

6. Have mixture at a temperature of at least 140° F. while being 
centrifuged. 

7. Keep centrifuge balanced, oiled, and warm, and run it at the 
proper speed. 

8. Have water bath come to top of fat column. 

9. Read tests immediately after removing from water bath. 

10. Read tests correctly and closely. Be careful not to over-read or 
under-read. Read to nearest five-tenths of a per cent. 

1i. Use glymol in reading all tests made in cream-test bottles. 

12. Have all fat columns the proper color and supported by a clear 
liquid. 


Skim Milk? 


Skim milk is somewhat difficult to test because it contains only the 
small, finely divided fat globules which were not removed by the centrif- 
ugal force of separation and which are hard to gather in the tube for 
measure. In sampling skim-milk and preparing the sample for testing, 
the directions given for milk should be followed exactly. 

Reagents.—The same reagents are used for testing skim-milk as 
were described in the testing of whole milk. 


Apparatus: 


Test Bottles—These should have two necks; one of large diameter, 
which reaches nearly to the bottom of the bulb through which the milk 
and acid are added; and one of small bore, in which the fat is collected 
and measured. The small neck should have a total graduation of 0.50 
per cent, the smallest graduation representing 0.01 per cent. 


7 See also the Normal Butyl Alcohol Method, p. 278. 
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Pipette 

Acid Measure 
Centrifuge or “Tester” 
Dividers or Calipers 


Described under Milk. 


Procedure.—A pipette full of properly prepared sample is measured 
into the test bottle. Twenty to 22 c.c. of sulphuric acid is added, pref- 
erably in two portions (about half at a time), each portion being 
thoroughly mixed as soon as added. If all the acid is added at one time, 
there is not room enough for thorough mixing and some of the curd . 
may be splashed into the small neck. 

When the acid is thoroughly mixed with the skim milk, the test bottle 
is placed in the centrifuge, care being taken to place the larger neck 
nearest the center of the machine. The machine is counterbalanced 
with other skim-milk test bottles. After ten minutes of centrifuging, 
the bottle is filled to the base of the neck with hot water (140° F. or 
hotter). 

After whirling again for two minutes, the fat column is brought 
within the graduated portion of the neck with hot water. A final 
centrifuging of two minutes, and the test bottle is removed and read 
immediately, provided that the centrifuge is heated to 130° F. (55° C.) 
In recording the test the method used should be stated. 

It is always advisable to use dividers in reading skim-milk tests. 
The fat column should be a clear amber color and should be supported 
by a light brown liquid free from sediment. 

This method does not give an accurate test but has been so widely 
used that dairymen usually think in terms of it. For example, if skim 
milk tests 0.02 per cent by this method, it is considered to be efficiently 
skimmed, although a chemical analysis or a test by the Mojonnier 
Method would show about 0.10 per cent and the Normal Butyl Alcohol 
Method would show about 0.04-0.06 per cent. 

The Normal Butyl Alcohol Method.—This method,’ invented by 
Mitchell for testing buttermilk, is a modification of the Babcock method, 
and is being rapidly adopted for testing skim milk. It is sometimes 
referred to as the American Association Method. It is based on the fact 
that the normal butyl alcohol, by some mechanical effect, makes it 
possible to bring a larger number of the finely divided fat globules into 
the neck of the test bottle, thereby giving more nearly accurate results. 
Good, clear fat columns are more easily obtained in this method than 
in any other. 

The sample should be taken and prepared as outlined on page 269. 


§ Mitchell, W. J., Churning losses, Chicago Dairy Produce, Dec. 13, 1921, pp. 
16-19. 
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Reagents.—The reagents for the skim milk test are commercial 
concentrated sulphuric acid, with a specific gravity of 1.82-1.83 at 20° C.; 
normal butyl alcohol, which should be free from any oily particles (this 
is @ poisonous solution and should be kept stoppered all the time); and 
water. While soft water is preferable, hard water may be used if a few 
drops of acid are added. 


Apparatus: 


Test Bottles—These should have two necks: one of large diameter, 
which reaches nearly to the bottom of the bulb through which the milk 
and acid are added; and the other of small bore, in 
which the fat is collected and measured. The small 
neck should have a total graduation of 0.50 of 1 per cent, 
the smallest graduation representing 0.01 per cent. 


9-c.c. Pipette. 

2-c.c. Pipette 

Acid Measure 

Centrifuge or “‘Tester”’ Described under milk. 
Dividers or Calipers 


Procedure.—Two cubic centimeters of the normal 
butyl! alcohol are placed in the test bottle, and 9 c.c. of 
the properly prepared sample of skim milk are added. 
From 7 to 9 c.c. of sulphuric acid are added and 
thoroughly mixed, with a rotary motion. The bottle 
is placed in the centrifuge, with the large neck nearest 
the center of the machine, and counterbalanced. The 
bottle is centrifuged for six minutes at full speed and 
filled with hot water (temperature 140° F., or hotter) to 
the bottom of the neck. Two minutes more of cen- ae ee 
trifuging at full speed, and the bottle is removed from Fig. 72.—Skim 
the centrifuge and read immediately if the machine Mulk Test Bottle 
is heated. Ifa cold machine is used the bottle should be 
placed in a water bath (temperature 130-140° F.) for five minutes before 
being read. The reading is multiplied by 2. 

The method used should always be stated when the test on a sample 
of skim milk is being reported. The results obtained by this method 
are more accurate than those by the Babcock Method. A test of 0.04 to 
0.06 per cent by the American Association Method is indicative of 
efficient separation, 
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Evaporated Milk (Unsweetened Condensed) 


Preparation of Sample.—The can of evaporated milk should be 
shaken vigorously before opening. If small lumps of butter are found, 
the sample should be warmed to 130° F. before mixing. A thorough 
mixing is obtained by pouring from the can to a beaker four or five 
times, being careful to get all the cream from the corners and seams of 
the can. None of the contents of the can should be spilled until 
thoroughly mixed. 

Reagents.—The reagents for testing evaporated milk are the same 
as those given under the tests for milk. 


Apparatus: 
Analytical Baiance—Butter moisture scale or cream scale may 
be used. 
Set of Weights. 
Glass Beakers, capacity approximately 250 c.c. 
Pipette 
Milk-test Bottles 
Acid Measure 
Centrifuge or “Tester” 
Dividers or Calipers 
Water Bath for Test Botiles 


Described under milk. 


Procedure.—The sample is diluted with an equal weight of water. 
Nine grams of the diluted sample is weighed into a standard milk-test 
bottle, about 9 c.c. of water is added, and the mixture shaken. Seven- 
teen and five-tenths c.c. of sulphuric acid is added and thoroughly mixed. 
The bottle is centrifuged for five minutes and then filled to the base of 
the neck with dilute sulphuric acid.? The procedure from this point is 
the same as for milk, except that the reading is multiplied by 4. 

This method offers many possibilities for error. Furthermore, any 
error made in the test is multiplied by 4 in the final reading, which 
exaggerates the error that much more. It is therefore very important 
to exercise the greatest care in using this method. While the results 
obtained are not absolutely accurate, they are sufficiently accurate for 
standardizing a mix. 

9 This dilute sulphuric acid must be made up fresh and added while hot. Sul- 


phuric acid, sp. gr. 1.82-1.83, is added to an equal amount of water in a beaker, 
thoroughly mixing after each small addition of acid. 
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Sweetened Condensed Milk 


Since sweetened condensed milk contains a large amount of sugar 
as well as milk solids-not-fat, and since sulphuric acid has a strong 
affinity for carbohydrates, it is necessary to use some means of reducing 
the sugar content. 

Preparation of Sample.—The contents of the can are emptied into a 
mortar or bowl, and all sediment and lumps of sugar are carefully scraped 
from the corners or seams of the can. The sample is thoroughly mixed 
to a homogeneous mass with a pestle. This procedure is very important 
if a representative sample is to be obtained. 

Exactly 40 grams are weighed into a 100-c.c. volumetric flask, 
which is filled to the mark with water. Complete solution is facilitated 
by adding water in several installments and shaking after each addition 
until the condensed mill: no longer sticks to the sides of the flask. This 
mixture is referred to as a ‘‘prepared sample” in the following analyses. 

Reagents.—The reagents fcr sweetened condensed are the same as 
for testing milk. 


Apparatus: 
100-c.c. Volumetric Flask, 
Mortar and Pestle. 
Analytical Balance. Butter moisture scale or cream scale may 
be used. 
Set of Weights 
Glass Beakers, capacity approximately 250 c.c. 
Prpette 
Milk-test Bottle 
Acid Measure 
Centrifuge or “Tester” 
Dividers or Calipers 
Water Bath for Test Botiles 


Lescribed under milk. 


Procedure.—Eighteen grams of the prepared sample are weighed into 
a standard milk-test bottle. Four cubic centimeters of sulphuric acid 
are added, and immediately the acid and milk are mixed and whirled 
for six minutes at full speed. The centrifuge ‘is stopped slowly and the 
test bottle carefully removed so that the layer of curd is not broken up. 
The clear liquid is decanted without breaking up the curd. About 12 ¢.c. 
of water are added and shaken. Four cubic centimeters of sulphuric 
acid are added, thoroughly mixed, centrifuged, and decanted as before. 
Then about 17.5 c.c. of water are added and shaken. Seventeen and 
five-tenths cubic centimeters of sulphuric acid are added and thoroughly 
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mixed. The test is completed as for milk, except that the reading is 
multiplied by 2.5. 

If the sweetened condensed milk contains less than 4 per cent fat, 
the curd may be so heavy that it will not float in the form of a firm 
cheese, thus making it difficult to decant a clear whey. Care must be 
exercised to lose no curd in the process, however. 


Milk Powder 


Preparation of Sample——The sample is thoroughly mixed with a 
spatula or spoon and all lumps, however small, are carefully broken up. 

Reagents.—The reagents for the milk powder test are as follows: 
dilute sulphuric acid (395 c.c. sulphuric acid poured into 605 c.c. water 
and thoroughly mixed); commercial concentrated sulphuric acid, with 
a specific gravity of 1.82 to 1.83 at 20° C.; and water. Though soft 
water is preferable, hard water may be used if a few drops of acid are 
added. 


Apparatus: 
Analytical Balance—Butter moisture scales may be used. 
2.5-gram Weight.—If butter moisture scale is used, this weight 
may not be needed. !9 
Graduated Cylinder, capacity 50 c.c. 
10-gram Weight. 
Small Funnel. 
Milk-test Bottle 
Acid Measure 
Centrifuge or “Tester” Described under Milk. 
Dividers or Calipers 
Water Bath for Test Bottles 


Procedure.— Method 1.—Two-and-a-half grams of prepared sample 
are accurately weighed and transferred to a standard milk-test bottle, 
a small funnel being used to aid in making the transfer. Thirty-one 
cubic centimeters of dilute sulphuric acid are added and the bottle is 
placed in a hot water bath (temperature 212° F.) and shaken frequently 
till all the powder is in solution, usually ten minutes. The bottle is 
removed from the water bath, and 12 ¢.c. of sulphuric acid, with a 
specific gravity of 1.82 to 1.83 added. After mixing, the test is com- 


10 Tf butter moisture scale is used, the scales are balanced with a small piece of 


* paper on the left hand pan, the riders being placed at zero. The latter are moved 


to indicate 25 per cent, and the scales are brought to exact balance by placing the 
prepared sample of powder on the paper. This gives exactly 2.5 grams of powder. 
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pleted as for milk, except that the fat is read to 0.05 per cent on the 
graduations and the reading multiplied by 7.2. 

This method, devised by Redmond,!! gives results that average 
about 0.13 per cent too high, though individual samples may be nearer 
the true test. Many opportunities for error are offered. Any error is 
greatly increased by multiplying the reading by such a large factor 
(7.2). This is probably the best commercial method to use, however, 
unless the Mojonnier Method is available. 

Method 2.—Exactly 10 grams of the prepared sample are weighed 
into a 100-c.c. beaker and dissolved in a small amount of warm water. 
None of the powder should be lost. When a complete solution is effected, 
the sample is poured into a 100-c.c. volumetric flask, the beaker is 
rinsed clean, and the rinsings are added to the flask. It is very impor- 
tant to get all of the milk powder solution into the 100-c.c. flask before 
diluting it to 100 ¢.c. volume. Otherwise, the results will be too low. 
Water is added to fill the flask exactly to the mark. Then the procedure 
is the same as directed for milk on page 272. The reading is multiplied 
by 10 to get the percentage of fat in the powder. 

This method is subject to the same criticism as Method 1 except 
that errors in this case are multiplied by a larger factor (10). The main 
advantage of Method 2 is that there is less danger of the sulphuric 
acid’s charring the powder. 


Ice Cream 


Ice cream is very difficult to test because of the high concentration 
of milk solids-not-fat and the high sugar content. Since it is practically 
impossible to obtain good results with sulphuric acid, a modification of 
the Babcock Method is generally used. 

As it is quite difficult to prepare a sample of ice cream for testing, 
the manufacturer should test the unfrozen mix instead of the frozen 
product. In either case, it is important to get a representative sample 
thoroughly mixed into a smooth homogeneous emulsion. A sample of 
ice cream is prepared by the same method used for the ordinary cream 
sample. 

Reagents.—The reagents for the ice cream test are as follows: 
Commercial concentrated sulphuric acid, with a specific gravity of 1.82- 
1.83 at 20° C.; 80 per cent glacial acetic acid made by diluting 80 c.c. 
of chemically pure concentrated glacial acetic acid to 100 c.c. with dis- 
tilled water (it is advisable to make up a fresh supply every four to six 
months as old glacial acetic acid may give high results); mixed acid, 


11 A modification of the Babcock Test as applied to the estimation of fat in desic- 
cated milk; Redmond, Jour. Ind. and Eng. Chem. Vol. 4, p. 544, 1912. 


284 METHODS OF ANALYZING DAIRY PRODUCTS 


consisting of equal parts of concentrated hydrochloric acid and concen- 
trated glacial acetic acid mixed together and allowed to stand over 
night before using. (This solution should not be more than four to six 
months old.) 


Apparatus: 


Cream Scales 
9-gram Weight 

9-gram cream-test bottles may be used, but the Peau will not 
be as accurate, because the test bottles are not as finely 
graduated. 

Pipette. A wide-mouthed 9-c.c. pipette may be found more con- 
venient than the 17.6 c.c. pipette used in testing milk. 

Graduated Cylinder, with a capacity of 50 c.c. 

Acid Measure 

Centrifuge or ‘‘Tester” 

Dividers or Calipers 

Water Bath for Test Botiles 


| Described under testing cream. 


Described under Milk. 


Procedure.—The outsides of the test bottles are dried and labeled. 
They are placed on the scales, and, by means of the tare weight on the 
scales, accurately balanced. Nine grams of the prepared sample are 
weighed into the test bottle, and one of the methods given below is 
followed. 

Method 1.—Glacial acetic-sulphuric acid test—After the ice cream 
has been weighed into the test bottle, 17.5 ¢.c. of 80 per cent glacial 
acetic acid are added and thoroughly mixed. About the same amount 
of sulphuric acid is added and thoroughly mixed. The bottles are now 
ready to be centrifuged and the test completed as for milk. If the 
standard milk-test bottle is used, the reading must be multiplied by 2 
to give the correct test of the ice cream. The 9-gram cream-test bottle 
will read directly in per cent. 

The fat columns should have the same appearance as those of milk 
being tested. Difficulties can usually be overcome by varying the 
amount of sulphuric acid added. 

Method 2.—Glacial acetic-hydrochloric acid test—After the ice cream 
has been weighed into the test bottle, 25-30 c.c. of the mixed acid are 
added, mixed thoroughly, and allowed to stand a minute. Then it is 
thoroughly mixed again. Great care must be used to dissolve the ice 
cream completely. Hurrying at this point may cause voor tests. The 
bottle is then transferred to a boiling water bath and is shaken ocecasion- 
ally while heating, until a chocolate-brown color has developed. It is 
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placed in the centrifuge, and the test completed as for milk. If the 
standard milk-test bottle is used, the reading is multiplied by 2 to get 
the correct test of the ice cream. If the 9-gram cream-test bottle is 
used, the correct test may be read directly. 

The fat columns should have the same appearance as those of milk 
being tested. 

The Fucoma Method—This method, originally invented by Dr. 
Gerber, is the same as the Gerber Method, which is used almost uni- 
versally in Europe. For a long time it received little publicity in this 
country, because all the apparatus is manufactured in Germany, the 
glassware being blown by hand. With the recent establishment of supply 
houses in this country, the apparatus has become easily obtainable. 
The Fucoma Method depends upon the sulphuric acid to dissolve the 
milk solids-not-fat and, with the aid of amyl alcohol, to liberate the fat 
so that centrifugal force can bring it into a graduated tube for measuring. 

The apparatus differs from the Babcock in that the test bottles are 
laid horizontally in the centrifuge instead of being set in hinged sockets. 
This makes it necessary to close the top, or small end, of the bottle. 
The neck, or graduated portion, is a flat tube, and the bottom is fitted 
with a rubber stopper. 

Though this method is easy to pees and operate, some difficulty is 
experienced by the average commercial tester keeping the bottles clean. 
If samples are preserved with corrosive sublimate, the results ob- 
tained may be inaccurate. 

Preparation of Sample.—The sample should be taken and prepared 
for testing exactly as outlined on page 273. 

Reagents.—The reagents for the ice cream test are as follows: Com- 
mercial sulphuric acid (87 : 13, that is, 87 parts of sulphuric acid, with 
a specific gravity of 1.82-1.83, and 13 parts of water) (use this for vanilla 
or plain ice cream); commercial sulphuric acid (94 : 6, that is; 94 parts 
of sulphuric acid, with a specific gravity of 1.82-1.83, and 6 parts of 
water) (use this for chocolate, fruit, or nut ice cream); chemically pure 
amyl alcohol, with a specific gravity of 0.815-0.818 at 15° C. and a 
boiling point of 128-130° C. (It must be free from oily particles. It 
should be well-stoppered because of its strong odor, and should be kept 
preferably in a dark place, as light tends to change its color slightly to 
brown.) 


Apparatus: 
Centrifuge, equipped with speed indicator and heater 
Ice Cream Test Bottles, graduated to 15 per cent in tenths of a 
per cent with supply of rubber stoppers 
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Acid Measure, graduated for 10 c.c. 

5-c.c. Pipette 

1-c.c. Pipette, with bulb to protect against getting amyl alcohol 
into mouth 

Scales for Weighing Sample, together with rack to support test 
bottle while being weighed 

5-gram Weight 

Water Bath, with thermometer and a device to maintain tem- 

perature at 130-140° F. (55-60° C.) 


Procedure.—Ten cubic centimeters of commercial sulphuric acid are 
poured into a test bottle (the strength of the acid depending on the 
kind of ice cream being tested). The bottle is placed on scales and 
balanced by a tare weight. Exactly 5 grams of the properly prepared 
sample are weighed into the test bottle, allowing it to form a layer on 
top of the acid, with a colorless line between the layers. Care must be 
taken not to mix the ice cream with the acid at this time, as it will cause 
charring. The sides of the mouth of the bottle where the stopper fits 
must be kept perfectly dry. If too much ice cream is placed in the 
bottle, precautions must be taken not to remove any of the acid. Five 
cubic centimeters of cold water and 1 c.c. of amyl alcohol are carefully 
added. ‘The rubber stopper is screwed into place, usually until the 
small end of the stopper protrudes nearly $ inch into the bulb. The 
mouth of the test bottle and the rubber stopper should be held close 
to each other, and then, with a twisting motion, screwed together. 
This trick will eliminate much difficulty and breakage. The stoppers 
should be dry and soft so that they work smoothly, not jerkily. 

The ice cream and acid are thoroughly mixed by shaking and invert- 
ing the test bottle. When a uniform color is obtained, the bottle is 
placed in the centrifuge and whirled at not less than 850 r.p.m. for four 
minutes. The test bottle is removed from the centrifuge and placed in 
the water bath, the temperature being held at 130-140° F. for ten 
minutes. The bottle is removed from the water bath and read imme- 
diately, by adjusting the rubber stopper so that the bottom of the fat 
column coincides with the zero mark, and the percentage of fat is read 
at the bottom of the upper meniscus. It is not necessary to use dividers. 
If for any reason the stopper moves with a jerky motion, it will splash 
some of the fat up into the top of the bottle. This will make it necessary 
to centrifuge the bottle again and repeat the water bath before 
reading. 

The test bottle is emptied by removing the rubber stopper and 
shaking. The test bottles are washed with a cleaning solution and 
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rinsed at least twice with clean, fresh water. The graduated neck must 
be kept clean. 

If reasonable care is used in following these directions, a good clear 
fat column, free from any sediment, is easily obtained. The results are 
found to be very accurate. 


Butter 


Kohman Method.!?—This method, commonly referred to as the 
Gasoline Extraction Method, is used for determining the fat content of 
butter and butter oil. It is based upon the fact that butterfat is soluble 
in ether or high-test gasoline, while the other constituents of butter are 
insoluble and rapidly settle to the bottom, thereby allowing the ether- 
fat (or gasoline-fat) solution to be poured off. With proper care this 
method will give results that check within 0.1 per cent of the Mojonnier. 
It is a rapid, inexpensive, and very accurate method for commercial 
conditions. It has the advantage of giving a complete analysis of the 
butter or butter oil without requiring more than one sample to be 
weighed. Only the directions for the fat determination will be given. 
For the other parts of this method, see pages 290, 303. 

To test butter, it is necessary to obtain an accurate, representative 
sample. This is done by drawing several plugs, each one extending from 
the top to the bottom of the container, from different places in the con- 
tainer. These plugs are all put into the same clean, dry, sample bottle, 1% 
carefully stoppered to prevent evaporation and adulteration, correctly 
labeled, and kept in a cool place until ready for testing. 

Preparation of Sample.—The sample should be placed in a water 
bath (no hotter than 95-100° F.) and stirred with a spatula to a smooth, 
homogeneous emulsion about the consistency of thick cream. It will 
have the same color as the original butter and will be just soft enough 
to lose its shape. It must not be melted, for if this is done the water 
will settle out, thus making it impossible to get a representative sample. 
If the sample should become melted it may be cooled to the proper 
consistency and thoroughly mixed, though this is not recommended. 
In the softened condition, it can be handled easily with a spatula or 
wide-mouthed pipette. 

Reagents.—The reagents for the butter test are petroleum ether, 
which must be free from fat or oily particles, and hot distilled water. 
High-test gasoline may be substituted for ether, but the same precautions 
and method must be used. 

12 A rapid and accurate method for butter analysis, suitable for factory control 
work; Kohman, Jour. Ind. and Eng. Chem., Vol. 11, No. 1, 1919. 

13 For detailed discussion of sample bottles, see p. 267. 
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Apparatus.— 

Torsion Buiter Moisture Balance. 

10-gram Weight. 

1-gram Weight. 

Aluminum Cup.—Fairly tall and narrow, with lip and a capacity 
of approximately 100 c.c. 

Alcohol Lamp.—A Bunsen burner may be used if turned very 
low. An electric hot plate controlled by a rheostat can also 
be used 

Pair of Tongs. 

Spatulas. 

Sample Bottles. 

Glass Stirring Rod. 


Procedure.—To the residue remaining after all the moisture is 
evaporated from a 10-gram sample, as outlined on page 290, about 
25-35 c.c. of high-test gasoline or petroleum ether are added. The 
ether should wash down the sides of the cup to remove the fat. The 
sample is thoroughly mixed by a rotary motion until the curd and fat 
are in solution. A glass rod may be used to mix the ether with the 
sample. It must be carefully washed with fresh ether before being 
removed from the cup, however, to prevent its carrying away any of the 
salt and curd. The sample is allowed to stand undisturbed in a tilted 
position so that the curd will settle in one corner of the cup. During 
this time, the casein, albumin, ash, sugar, and salt, which are insoluble 
in the ether, will settle to the bottom of the cup. The ether-fat solution 
is carefully decanted without allowing any of the residue to escape. 
This operation is repeated until the last washing comes off clear, showing 
that all the fat has. been extracted. Three washings will usually be 
sufficient. Though the first washing!* cannot be used again, the second 
and third may be saved for the first washing of the next sample. The 
decantate is heated slowly over a hot plate or low flame until the last 
traces of gas or ether are evaporated. Unless care is used in this opera- 
tion, the contents will explode. If any of the residue is blown out of the 
cup, the results will be inaccurate and the samples should be started 
over again. As it dries, the residue changes gradually from a brown to a 
very light buff color. It should then be powder-like. The cup is cooled 
and weighed on butter-moisture scale, by substituting the 1-gram weight 
for the 10-gram weight and sliding the rider on the lower scale beam to 
the left-hand end. If the sediment weighed 1 gram, it would compose 
10 per cent of the original 10-gram sample of butter. The 1-gram 


14 Tf desired, most of the ether can be recovered by distillation. 
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weight, therefore, is regarded as a 10 per cent weight. But, as the 
sediment weighs less than 1 gram, the scales must be balanced by means 
of the rider on the upper scale beam. This reading is taken to two 
decimal places and subtracted from 10 per cent. The result gives the 
percentage salt and curd. 

The percentage of fat in the original sample is then obtained by the 
following formula: 


100 per cent — 19.55 per cent (moisture, salt, and curd) 
= 80.45 per cent fat. 


The Shaw Test,!° which gives very accurate results, may be used 
for determining the fat content of butter. Its main disadvantages are 
two: (1) it uses more butter per test; (2) it does not allow a complete 
analysis when a single sample only is weighed. Its advantage lies in 
allowing the sample to be saved for use in the next mix. 


METHODS OF ANALYSIS FOR TOTAL SOLIDS 


The term ‘total solids” refers to the moisture-free constituents of 
the product or, in other words, the residue obtained by evaporating all 
the moisture. There are no rapid methods for accurately determining 
the total solids of dairy products. In every case the sample must be 
carefully weighed, the moisture evaporated without burning the solids, 
and the residue weighed. Special forms of hydrometers, however, are 
sometimes used to determine the approximate total solids of milk, con- 
densed skim milk, and sweetened condensed skim milk. 

Samples to be tested for total solids should be representative, 
thoroughly mixed, and free of preservatives. 

Mojonnier Method.—This, the most rapid and accurate method of 
determining total solids, may be used on all dairy products. A specially 
constructed Mojonnier Tester is required. It is furnished with com- 
plete instructions,!® thus making it unnecessary to repeat them here. 
The test consists of accurately weighing a very small sample, evaporating 
the excess moisture on a hot place, removing the last traces of moisture 
in a vacuum oven, cooling, and weighing the residue. The equipment is 
expensive to install and requires a very careful and highly trained 
operator. 

Irish Moisture Test.—This method is used to determine the moisture 
content of butter and butter oil. It is the first step in the Kohman 


15 Shaw, R. H., Bureau of Animal Industry, Cire. 202, U. 8. D. A., 1912. 
16 Also given in ‘‘ The Technical Control of Dairy Products,’ by Mojonnier and 
Troy, published by Mojonnier Brothers. 
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Method of analyzing butter. It depends on heating a weighed sample 
of butter over a flame until all moisture is driven off, with subsequent 
cooling and weighing, the loss in weight representing the moisture driven 
off. 

A butter sample must be accurately representative. Such a sample 
is obtained’ by drawing several plugs, preferably extending from the top 
to the bottom of the container. These plugs are all put into the same 
clean, dry sample bottle, carefully stoppered to prevent evaporation 
and adulteration, correctly labeled, and kept in a cool place until ready 
for testing. 


Apparatus: 

Torsion Butter Moisture Balance. 

10-gram Weight. 

Aluminum Cup.—Fairly tall and narrow with a lip. Capacity, 
about 100 c.c. 

Alcohol Lamp.—A Bunsen burner may be used if turned very 
low. An electric hot plate with a rheostat may also be used. 

Pair of Tongs. 

Spatulas. 

Sample Bottles. 


Procedure.—The aluminum cup is thoroughly dried and cleaned. 
It should not be touched with the hands until after the sample is weighed 
in. The empty cup is placed on the right-hand pan of the moisture 
scales and balanced by means of the tare weight. The riders on the 
two scale beams should be at zero. The 10-gram weight is placed on 
the left-hand pan of the scales and exactly 10 grams of the butter are 
weighed into the cup. The sample is heated over a low flame or on a 
hot plate, to expel the moisture. The object is to keep the temperature 
of the sample around 240° F. (116° C.). This can be done by occasion- 
ally removing the cup from the flame. The cup is agitated gently dur- 
ing the heating process. The operator should be careful not to spill or 
to remove any of the fat with the tongs. Toward the end of the process, 
heat is applied slowly to avoid burning the fat and to aid in destroying 
the foam. A reddish-brown color assumed by the sediment indicates 
the point at which the heat should be removed. The fat should be a 
clear yellow on top of the reddish sediment. A mirror held over the 
top will remain clear and dry if all moisture has been driven off. After 
the cup has cooled it should be placed on the right-hand pan of the 
scales, the 10-gram weight being left on the left-hand pan. The rider on 
the lower beam of the scales is placed at the 10 per cent mark. The 
scales are balanced with the rider on the upper beam. The percentage 
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of moisture in the butter is found by adding together the readings on 
these two beams. To obtain the percentage of total solids, the per 
cent of moisture is subtracted from 100 per cent. 

This method gives the percentage of moisture (or solids) only to 
0.1 per cent, which is accurate enough for commercial uses of butter 
and butter oil. When carefully operated this method will not vary more 
than 0.1 per cent from the Mojonnier Methced. 

Farrington Oven Method.—For evaporating the moisture, this 
method depends upon the use of the Farrington High-pressure Oven, 
which is steam-jacketed and is connected directly with the boiler. With 
a steam pressure of 60 lbs. a temperature of 280° F. (138° C.) can be 
obtained. It is advisable 
to have the oven equipped 
with a thermometer 
rather than a pressure 
gage. 

The advantages of 
this method are the low 
cost of its installation 
and the sturdiness of the 
apparatus, which is not 
likely to be injured by 
an unskilled operator. 
The disadvantages are 
the lower degree of ac- 
curacy and the small 
number of samples that 
can be handled at a time. Courtesy Creamery Package Mfg. Co. 


The accuracy of the Fic. 73.—Farrington Oven for the Determination of 
Farrington Oven Meth- Total Solids. 


od depends upon the 
weighing. If analytical balances are used and weighings made to the 
fourth decimal, it is possible to get results accurate to 0.01 per cent. 
For commercial purposes, speed is usually more important than a high 
degree of accuracy, so results are computed to the hundredth place and 
considered accurate only to + 0.1 per cent. Consequently, a butter 
moisture scale may be used in place of the analytical balance. Other 
advantages of using the butter moisture scale are speeding up the work, 
decreasing the cost of equipping the laboratory, and giving the average 
laboratory worker equipment with which he is familiar. It must be 
remembered, however, that such results may not be accurate. 

In the following directions, it is recommended to use an oven temper- 
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ature of 212° F. and to heat the sample until there is no further loss in 
weight. This is a very slow and tedious process, but it allows the least 
possibility for error. Higher temperatures for shorter periods of time 
can be used with the proper care and technique, but there is danger of 
volatilizing constituents other than water. 


Milk and Skim Milk 


Preparation of sample.—The sample, which should be taken and 
prepared as directed on pages 269, 277, should contain no preservative. 


Apparatus: 
Butter Moisture Scales or Analytical Balance 
Set of Weights and Fractional Weights 
Flat Aluminum Dish.—Not less than 5 cm. diameter, preferably 
with lid 
Tongs for Handling Dishes 
5-c.c. Pipette 
Desiccator 
Farrington Oven with Thermometer 


Procedure.—A clean aluminum dish is heated in the oven at 212° F. 
tor one-half hour, cooled in the desiccator, and tared. Tongs should 
always be used for handling the aluminum dish. Five cubic centimeters 
of the prepared sample are placed in the tared dish, and accurately 
weighed. The dish and sample are heated at a temperature of 212° F. 
until weight ceases to be lost. They are then cooled in a desiccator and 
weighed rapidly. The percentage of total solids is calculated from the 
following formula: 


Weight of dried sample 


100 = per i 
Mcunier sample x 100 = per cent total solids 

The lid should be on the dish while the weight is taken, but should 
be placed beside the dish in the oven and desiccator so as to allow the 
moisture to escape. 


Evaporated Milk 


Preparation of Sample.—The sample is taken and prepared as 
directed on page 280. 

Apparatus.—TFor testing milk, the apparatus specified above is used. 

Procedure.—A clean aluminum dish is heated in the oven at 212° F, 
for one-half hour, cooled in the desiccator, and tared. It should be 
handled only with tongs. About 1 gram of the prepared sample is 
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accurately weighed into the dish. About 4 ¢.c. of water (temperature 
120° F.) are added and thoroughly mixed by a gentle rotary motion. 
A stirring rod cannot be used as some of the sample may adhere to it. 
The test is completed as for milk by the Farrington High-pressure Oven 
Method. 


Sweetened Condensed Milk 


Preparation of Sample.—The sample is taken and prepared as 
directed on page 281. 


Apparatus: 
Butter Moisture Scales or Analytical Balance 
Set of Weights and Fractional Weights 
Flat Aluminum Dish.—Not less than 5 em. in diameter, prefer- 
ably with lid 
Tongs for Handling Dishes 
5-c.c. Pipette 
Desiccator 
Farrington Oven with Thermometer 
100-c.c. Volumetric Flask 
Spatula 


Procedure.—An aluminum dish is heated for one-half hour in the 
oven at 212° F., cooled in the desiccator, and tared. It should be 
handled only with tongs. Five grams of the prepared sample (cor- 
responding to 2 grams of the original sweetened condensed) are weighed 
into the dish. The test is completed as for milk, by the Farrington High- 
pressure Oven Method. When calculating results, the operator should 
be careful to use the weight of the original sweetened condensed milk 
as the ‘weight of the sample,” instead of the weight of the prepared 
sample. 


Milk Powder 


Preparation of Sample—The sample is taken and prepared as 
directed on page 282. 


Apparatus: 
Butter Moisture Scales or Analytical Balance 
Set of Weights and Fractional Weights 
Flat Aluminum Dish.—Not less than 5 cm. in diameter, pref- 
erably with lid 
Tongs for Handling Dishes 
Desiccator Oven with Thermometer 
Spatula 
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Procedure.—The same procedure as directed for milk on page 292 is 
followed. A 2-gram sample is used, which must be weighed on an 
analytical balance. If butter moisture scales are used, a 10-grams 
sample will give more accurate results. 

If the powder is very moist, it will crust over on the surface and 
prevent thorough drying. In such cases, it is better to prepare a 10 per 
cent solution by weight and test as for fresh milk by Farrington High- 
pressure Oven Method. 


Ice Cream 


Preparation of Sample.—The sample is taken and prepared as 
directed on page 283. 


Apparatus: 
Butter Moisture Scales or Analytical Balance 
Set of Weights and Fractional Weights 
Flat Aluminum Dish.—Not less than 5 cm. in diameter, pref- 
erably with lid 
Tongs for Handling Dishes 
5-c.c. Prpette 
Desiccator 
Farrington Oven with Thermometer 


Procedure.—A clean aluminum dish is heated in the oven at 212° F. 
for one-half hour, cooled in the desiccator, and tared. It should be 
handled with tongs only. About 1 gram of the prepared sample is 
accurately weighed into the dish and about 4 c.c. of water (temperature 
120° F.) are added and thoroughly mixed by a gentle rotary motion. 
A stirring rod cannot be used, as some of the sample may adhere to it. 
The test is completed as for milk by the Farrington High-pressure Oven 
Method. 

Hydrometer Method.—The total-solids content of milk, condensed 
skim milk, and sweetened condensed skim milk, has been found to bear 
a fairly definite relation to the specific gravity and fat content. Since 
the fat content can be rapidly determined by the Babcock Method, a 
rapid method for determining the specific gravity is desirable. Hydrom- 
eters have been largely adopted for determining the specific gravity of 
these products. 

The use of these hydrometers is based on the principle that, when a 
solid body floats in a liquid, it displaces an amount of liquid equal in 
weight to itself. Thus, it sinks deeper in a light liquid than in a heavy 
one, because it takes a larger volume of the light liquid to equal the 
weight of the floating body. Since the termperature of the liquid has a 
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very great effect upon its specific gravity, a hydrometer is correct only 
for the temperature used in standardizing it. In approximate work, 
however, a correction can be made for slight changes in temperature. 
The hydrometers used in determining the specific gravity of milk and 
its products are constructed!7 to be read to the top of the meniscus 
instead of at the level of the surface of the liquid. This change has been 
made because the opaque color of the meniscus renders it impossible to 
read the hydrometer accurately at the surface of the liquid. 
Milk and Skim Milk 

A special form of hydrometer, called lactometer, has been devised 
for use in determining the specific gravity of milk. There are two types: 
the Quevenne, and the New York Board of Health, the main differ- 
ence being in the scale. The Board of Health lactometer carries a scale 
graduated from 10 to 120 degrees, each division representing 2 degrees. 
The 100-degree mark corresponds to a specific gravity of 1.029, or a 
Quevenne reading of 29. The Quevenne lactometer is graduated from 
15 to 40 in degrees. Each degree represents the third decimal of the 
specific gravity, thus making the calculation of the specific gravity 
rapid and easy. The Quevenne lactometer is more commonly used, 
because it is easier to estimate tenths of a degree in calculating the results 
into specific gravity and total solids, and because it generally carries a 
thermometer in it. All lactometer and thermometer scales should be 
tested for accuracy at least once a year, if they are used frequently. 
It will be found that the lactometer scales slide up or down in the 
spindle, thereby giving incorrect readings. The thermometer should be 
compared with one of known accuracy, one being placed close beside 
the other in the solution for at least a minute. The lactometer scale 
may be tested for accuracy by obtaining, as directed for milk on page 
296, the lactometer reading of the following three solutions: — 

(1) A 83 per cent salt solution made by dissolving 12 grams of chem- 
ically pure sodium chloride in distilled water and diluting to exactly 400 
e.c. This should have a specific gravity of 1.0217 and should give a 
Quevenne lactometer reading of 22 at 60° F. 

(2) A 4 per cent salt solution made by dissolving 16 grams of 
chemically pure sodium chloride in distilled water and diluting to 
exactly 400 c.c. This should have a specific gravity of 1.029 and should 
give a Quevenne lactometer reading of 29 at 60° F. 

(3) A 5 per cent salt solution made by dissolving 20 grams of 
chemically pure sodium chloride in distilled water and diluting to 


17 Unpublished data from the U. S. Bureau of Standards and manufacturers of 
lactometers. 
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exactly 400 ¢.c. This should have a specific gravity of 1.036 and should 
give a Quevenne lactometer reading of 36 at 60° F. 


Nore.—A volume of 400 c.c. is necessary adequately to float a 
lactometer in the cylinder. A good grade of butter salt, thoroughly dried, 
may be used in place of the sodium chloride for very rough work. 


Preparation of Sample.—For lactometer determinations at least 1 pt. 
of milk is necessary. This milk should not be tested for at least two hours 
after being drawn from the cow. The sample should be taken and 
prepared as directed on page 269 except that no preservative should be 
added. The sample should be heated to 60° F. for accurate work, but 
corrections can be applied to the readings, provided the temperature is 
between 50° F. and 70° F. 


Apparatus: 
Lactometer 
Hydrometer Jar.—A cylinder having a minimum height of 10 
inches and a minimum diameter of 14 inches should be used. 


Procedure.—The milk is mixed thoroughly by pouring from one 
container to another at least four or five times. The hydrometer jar is 
filled so that the addition of the lactometer will cause it to overflow 
slightly. This facilitates reading. The lactometer should remain in the 
milk one-half to one minute before being read. This allows the foam 
in the milk to escape and the thermometer to register correctly. If more 
than one minute is allowed, the butterfat may rise appreciably. The 
lactometer, which should not touch the sides or bottom of the hydrom- 
eter jar, is read to the top of the meniscus, being accurately estimated 
to a tenth of a degree. The temperature of the milk is recorded at the 
time of reading the lactometer. If it is not exactly 60° F., the lactometer 
reading must be corrected, for it is made to be accurate only at 60° F. 
The following correction may be applied if the temperature is not below 
50° F. nor above 70° F. To correct a New York Board of Health 
lactometer, 0.3 of a lactometer degree is added to the observed reading 
for every 1° F. in temperature above 60° F. Example: Lactometer 
reading is 99.1 at 66° F. The corrected reading is 99.1 + (6 X .8) = 
100.9 at 60° F. To correct a Quevenne lactometer reading, add 0.1 of 
a lactometer degree to the observed reading for every 1° F. in tem- 
perature above 60° F. Likewise subtract 0.1 of a lactometer degree 
for every 1° F. below 60° F. Example: Lactometer reading is 32.4 at 
56° F. Correct reading is 32.4 — (.1 X 4) = 32.0 at 60° F. 

Before any of the formule to calculate the specific gravity, total 
solids, or solids-not-fat may be applied, the lactometer reading must 
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be corrected for temperature. All New York Board of Health lactom- 
eter readings must also be changed to Quevenne readings. 

To change a New York Board of Health reading to its equivalent in 
Quevenne degrees, the corrected New York Board of Health reading is 
multiplied by 0.29. This will give its equivalent, as a corrected Quevenne 
reading, which may be used in the following formule. 

To calculate the specific gravity from the corrected Quevenne read- 
ing, 1000 is added to the corrected Quevenne reading and the total is 
divided by 1000. Example: Corrected Quevenne lactometer reading 
is 32. 

32 + 1000 
Sp. gr. = Ta 1.032 

To calculate the total solids of the milk it is necessary to know the 
Babcock fat test as well as the corrected Quevenne lactometer reading. 
These values are substituted in the following formule: 


Corrected Quevenne lactometer reading 
4 


+ (1.2 X Babcock fat test) = 


per cent total solids. 


Example: Assume that the sample of milk tested 3.8 per cent fat and 
gave a Quevenne lactometer reading of 32.0 degrees at 62° F. 
The corrected Quevenne reading is found: 32 + (.1 XK 2) = 32.2. 


32.2 
The total solids would be: ie + (1.2 & 3.8) = 12.61 per cent total 
solids. Or, 8.05 + 4.56 = 12.61 per cent total solids. 


Plain Condensed and Sweetened Condensed Skim Milk 


Preparation of Sample.—The sample (at least 1 pt.) is taken and 
prepared as directed on pages 280, 281. 


Apparatus: 

Baumé Hydrometer—A special Baumé hydrometer with scale 
graduated 12 to 26 (for plain condensed skim) or 26 to 37 (for 
sweetened condensed skim) in tenths of degrees. 

Hydrometer.—A cylinder having a minimum height of 10 inches 
and a minimum diameter of 14 inches. 


Procedure.—The sample is thoroughly mixed by pouring from one 
container to another at least four or five times. The hydrometer jar is 
filled so that the addition of the hydrometer will cause it to overflow 
slightly. This facilitates reading the hydrometer. The hydrometer is 
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carefully placed in the sample so that it does not touch the sides or 
bottom of the jar and is allowed to remain one-half to one minute. The 
hydrometer is carefully read to the nearest tenth of a degree, and the 
temperature of the sample recorded at the time of reading. By means 
of the following tables, the percentage of total solids in the sample is 
found. It must be remembered that these results are only approximately 
accurate, probably within 1 per cent. 


TABLE LXXVI 


Baumt READING FOR SWEETENED CONDENSED Sxkim MILK 


Per Cent Total Solids 


Temperature 
aly. 60 63 65 68 70 73 75 
per cent | per cent | per cent | per cent | per cent | per cent | per cent 
100 31 SV4e Of 33.8 35.4 36.3 37.8 38.9 
105 31.0 32.6 33.6 35.3 36.1 37.6 38.6 
110 30.9 32.5 33.5 35.1 36.0 37.5 38.5 
115 30.8 32.3 33.3 35.0 35.8 37.3 38.3 
120 SURG 32.2 33.2 34.9 35.7 37.2 38.2 
125 30.6 32.1 33.0 34.7 35.5 37.0 38.0 
130 30.4 31.9 32.9 34.6 35.4 36.9 37.9 
135 30.2 3L.7 32.7 34.4 35.2 36.7 31.7 
140 30.0 31.6 32.6 34.3 35.1 36.6 37.6 


TABLE LXXVII 


Baumf& READING FOR PLAIN CONDENSED SKIM MILK 


Per Cent Total Solids 
Tempera- 
ture ° F. 
28 per cent | 30 per cent | 33 percent | 35 per cent | 38 percent | 40 per cent 

100 14.4 15:2 16.6 Wr 5s 19.2 20.3 
105 14.3 alisyea 16.4 ies 19.0 20.2 
110 14.1 14.9 16.2 ga 18.8 20.0 
115 14.0 14.8 Geel 17.0 ks. 0 19.8 
120 13.8 14.6 15.9 16.8 18.5 19.6 
125 13.6 14.4 i527 16.6 18.3 19.4 
130 13.4 14.2 Ns) 16.4 18.1 19.2 
135 13.3 14.1 15.4 16.2 17.9 19.0 
140 13.1 13.9 15.2 16.0 Mle 18.8 
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METHODS OF ANALYSIS FOR ACIDITY 


Milk when freshly drawn from the cow has the ability to react both 
acid and alkaline; that is, it can absorb a small amount of either an 
acid or a base without changing its acidity, because of certain acid salts 
which it contains. For this reason, milk is said to be amphoteric. The 
amount of acid found in freshly drawn milk is called the apparent or 
initial acidity and usually amounts to 0.10—0.14 per cent. After stand- 
ing, milk increases in acidity on account of the growth of certain bacteria 
which change lactose, milk sugar, into lactic acid. The rapidity of this 
change depends upon the growth of those bacteria and this growth i is 
more rapid at temperatures above 60° F. 

When milk is received at the factory or is delivered to the consumer, 
it usually has an acidity (initial acidity plus the acidity due to the 
growth of bacteria) of from 9.15 to 0.20 per cent, 0.17 per cent being 
usually given as the acidity of fresh milk. Milk usually begins to taste 
sour when the total acidity has been increased about 0.1 per cent, that 
is, when the total acidity is from 0.25 to 0.30 per cent. While the maxi- 
mum acidity that can be developed depends upon the amount of lactose 
and the type of bacterium present, milk seldom tests more than 1.20 
per cent acid because most acid-forming bacteria cannot grow in a 
medium higher than that. 

It is a well-known chemical phenomenon that 1 ¢.c. of N/10 alkali 
will exactly neutralize 1 c.c. of N/10 acid. Since 1 ¢.c. of N/10 lactic 
acid carries 0.009 gram of pure lactic acid, the number of cubic centi- 
meters of N/10 alkali used, multiplied by 0.009, will give the total 
grams of lactic acid neutralized. This may be expressed as the formula 


c. N/10 alk. X 0.009 
e.c. N/10 alk. x > 100 = per cent acid. 


gram of sample 


which is sometimes written 
e.c. N/10 alk. X 0.009 


X 100 = per cent acid. 
c.c. of sample 


The second formula is sometimes more convenient to use but is not 
quite as accurate because 1 ¢.c. of the sample does not always weigh 
exactly 1 gram. 

In order to tell exactly when the acid has been neutralized, a few 
drops of a chemical, called an indicator, are added. Indicators have the 
ability to change color with a definite change of acidity. For example, 
phenolphthalein is colorless in an acid or neutral solution but turns 
pink in an alkali. Therefore, if phenolphthalein is put into an acid and 
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alkali is added until a pink color is obtained, the solution has been 
changed to a base and all the acid neutralized. The first permanent 
appearance of the pink color indicates that the solution is changing from 
neutral to alkaline and this is taken as the ‘‘end-point” or stopping 
place. While phenolphthalein does not change color at the true neutral 
point, it is used in making acid tests on dairy products because its color 
change is most easily detected and comes very close to the true neutral 
point. ; 

In making acid determinations, care should be taken to use a dilute 
solution of alkali, a small quantity of indicator, and the same shade of 
color for an “end-point.” ‘The strength and amount of alkali, as well 
as the amount of sample used, should be known exactly. 

Mann’s Acid Test—This method depends upon the use of N/10 
sodium hydroxide to neutralize the lactic acid, and phenolphthalein to 
indicate the neutral point. Sodium hydroxide is used as the alkali 
because it is cheap and easy to obtain. 

This method shows the total acidity and is accurate to 0.01 per 
cent when carefully operated. Greater accuracy can be secured by 
weighing the samples or using larger ones. It 
does not show the true acidity, however, because 
of the fact that phenolphthalein remains color- 
less in very slightly alkaline solutions. 

Milk 

Preparation of Sample-—The sample should 
be taken and prepared as directed on page 269, 
except that no preservative should be added. 

Reagents.—The reagents for testing milk are 
as follows: N/10 sodium hydroxide (alkali) 
solution, which is made by dissolving exactly 
— . 4 grams of chemically pure sodium hydroxide 
Courtesy mee Package sticks and making up to a liter with distilled water 
Fra. 74.—Apparatus for (it should be kept stoppered all the time because 

Mann’s Acid Test. it becomes weakened if exposed to the air); 

phenolphthalein (indicator), which is made by 

dissolving 10 grams of chemically pure phenolphthalein powder in 300c.c. 

of 90 per cent ethyl alcohol. Both of these solutions may be obtained 
from a dairy supply house, already prepared. 


Apparatus: 
White Porcelain Cup 


17.6 c.c. Pipette—The same as that used in the Babeock Method 
of testing milk for fat 
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9-c.c. Pipette 

50-c.c. Burette for measuring the Alkali used.—An automatic 
burette which attaches directly to the alkali bottle may be 
obtained 

Burette Clamp and Stand 


Procedure.—17.6 c.c. of the prepared sample of milk are measured 
into the white cup, and 3 or 4 drops of phenolphthalein indicator added. 
From the burette, the N/10 alkali solution is slowly added, the mixture 
in the cup being constantly stirred until it turns to a faint pink color. 
This is the ‘‘end-point.”” The number of cubic centimeters of alkali used 
is recorded and divided by 20 to get the percentage of acid. 

This method gives very accurate results, because the 17.6-c.c. pipette 
delivers practically 18 grams of milk. The formula therefore becomes 


c.c. N/10 alkali * .609 
ae 18 Zs 


100 = per cent acid, 


or 
e.c. alkali 


= per cent acid. 
20 e 


This relation exists only when the 17.6-c.c. pipette is used. 
Cream 


Preparation of Sample.—The sample should be taken and prepared 
as directed on page 273, except that no preservative should be added. 

Reagent and Apparatus.—The reagent and apparatus are the same 
as those described under milk. 

Procedure.— With a wide-mouthed 9-c.c. pipette, 9 c.c. of cream are 
measured into the white cup. The pipette is rinsed once with warm 
distilled water and the rinsing added to the cup to insure getting the 
entire 9 c.c. of cream into the cup. Three or four drops of phenol- 
phthalein indicator are added and, while constantly stirring, N/10 alkali 
solution from the burette is added until a permanent faint pink color is 
obtained. The number of cubic centimeters of alkali used is divided 
by 10, or the formula on page 299 is used to get the percentage of acidity 
of the cream. 


Evaporated Milk, Sweetened Condensed Milk, Ice Cream, and Butter 18 


These products not only contain large amounts of solids but also 
vary widely in specific gravity and therefore cannot be pipetted with 


18 This method gives the acidity due to the buttermilk in the butter instead of 
the total acidity which is due to the buttermilk and the fatty acids. 
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any degree of accuracy. Great care, as outlined on pages 280, 281, 283, 
and 287, should be used in preparing samples of these products. The 
same apparatus and reagents used in milk are also used in this test. 
Exactly 9 grams are weighed into the white cup and 9 c.c. of water and 
3 or 4 drops of phenolphthalein added. (For butter the water should 
be 120° F.) Then, while constantly stirring, N/10 sodium hydroxide is 
added from a burette until a permanent faint pink color is obtained. 
The number of cubic centimeters of alkali used is divided by 10, or the 
formula on page 299 is used to obtain the percentage acidity. 


Ices and Fruit Juices 


The acid found in ices is largely citric. Consequently, it is necessary 
to modify slightly Mann’s Acid Test in order to obtain the correct titra- 
table acidity of ices. Citric acid, CsHsO7, has a molecular weight of 192 
and is trivalent. Thus, 1 c.c. N/10 alkali is equivalent to 0.0064 gram 
of pure citric acid. This factor is substituted in the formula on page 


: .c. alk. X .0064 ASE oon : 
299 and gives sl aU < 100 = per cent acidity as citric acid. 
grams of sample 


Ices usually contain coloring matter, which interferes with obtaining 
a sharp, definite color change or end-point. To minimize this difficulty, 
the sample should be diluted with neutral water to at least four volumes. 

Preparation of Sample.—The ice should be thoroughly melted, 
mixed and strained through cheese cloth to remove all fruit pulp, to 
prevent clogging of the pipette. Air bubbles should be allowed to 
escape. Care should be taken to prevent dilution and evaporation of 
sample. 

Reagents.—The reagents for testing ice are the same as those given 
for milk, page 300. 


Apparatus: 
6.4 ml. (c.c.) Pipette—otherwise as for milk. 


Procedure.—6.4 c.c. of the prepared sample should be accurate'y 
pipetted into the white porcelain cup. About 20 c.c. distilled water 
and 5 or 6 drops of phenolphthalein should be added. N/10 sodium 
hydroxide should be carefully poured from a burette until a permanent 
color change is obtained. This end-point may be a little difficult to 
obtain on account of the coloring in the ice; a “color change”’ instead 
of a definite shade of pink, therefore, should be taken as the end-point. 
The cubic centimeters of N/10 sodium hydroxide should be recorded 
and the percentage of citric acid calculated with the aid of the above 
formula. 
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Since the end-point is somewhat difficult to obtain, different operators 
may not agree within 0.02 or 0.03 per cent on the acidity of a given ice. 
An operator, however, should have no difficulty in duplicating his own 
results. 


ANALYSIS FOR SALT 


Inasmuch as salt is an undesirable constituent of ice cream, it may be 
necessary to make a salt test on the butter used in the manufacture of 
the ice cream. This salt test may be easily made on the residue obtained 
from the determination of the butterfat. 

This method is based upon the use of a fat-free sample and the follow- 
ing well-known chemical reactions: 


(a) AgNo3 + Nacl @ AgCl + NaNOs, 


where the silver nitrate combines with the sodium chloride (salt) to 
form silver chloride, which settles out as a white precipitate. This takes 
place in the presence of large numbers of chlorine ions, but as the 
chlorine is reduced to silver chloride, the silver nitrate combines with 
the indicator (K2CrO.), thus: 


(b) 2AgNO3 + KeCrO4 @ AgeCrO4 = 2KNO3; 


but in the presence of any chlorine ions the silver chromate combines 
with the sodium chloride, thus: 


(c) AgeCrO4 + 2NaCl 2 2AgCl + NasCrO.. 


When all the chlorine is used up, the silver nitrate combines with 
the indicator, K2CrO4, to give silver chromate, settling out as a brick- 
red precipitate, thus: 


(d) 2AgNO3 + KeCrO4 @ AgeOrO4 + 2KNO3 


Therefore, the first permanent appearance of the brick-red color is 
taken as the end-point of the titration. 

Reagents.—The reagents are silver nitrate, in a solution which is 
made by dissolving 14.53 grams of chemically pure silver nitrate crystals 
in distilled water and diluting it to exactly 1 liter (it must be kept in 
an amber-colored bottle, as light causes it to turn dark); and potassium 
chromate solution, which is used for an indicator (it is made by dis- 
solving 1 oz. of potassium chromate crystals in 100 ¢.c. of hot distilled 
water). 
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Apparatus: 
250-c.c. Volumetric Flask 
25-c.c. Pipette 
White Porcelain Cup 
Stirring Rod 
50-c.c. Burette, graduated to tenths of a cubic centimeter 
Burette Clamp and Stand.—An automatic burette attached to 
the silver nitrate bottle may be found more convenient 


Procedure.—By repeated washings with hot distilled water (110° F. 
43° C.), all of the residue from the aluminum cup (obtained in the Kohman 
Method of analyzing butter for fat) is washed into a 250-c.c. volumetric 
flask. The flask is filled exactly to the mark and its contents thoroughly 
mixed to insure complete solution of the salt. With a 25-c.c. pipette, 
25 c.c. of the salt solution are drawn off and placed in the white porce- 
lain cup. Three or four drops of potassium chromate solution are added; 
the burette is filled, and the silver nitrate solution added slowly, while 
constantly stirring, until the first permanent traces of a brick-red color 
are obtained. The color is considered permanent when it remains 
unchanged for a minute. The percentage of salt is calculated by dividing 
by 2 the number of milliliters (c.c.) of silver nitrate solution used. 

The accuracy of this method depends upon (1) diluting the salt 
solution to exactly 250 c.c.; (2) using exactly 25 ml. (c.c.) of salt solution 
for titration; (8) having the correct strength of silver nitrate solution; 
(4) using the same end-point. 


ANALYSIS FOR GEL STRENGTH 


Though there are many methods of testing the gel strength of 
gelatin, each having desirable features, a comparison is more important 
for practical purposes than an exact determination. The Invert Method 
is suggested, therefore, for use by the ice cream manufacturer. 

The Invert Method.—This method is based on the fact that when 
solutions of gelatin are cooled, they tend to form gels which will not 
break or fall if inverted. The results are merely comparative but will 
agree very closely with depression methods. 

Reagents.—The reagents for testing gelatin are distilled water; 
dilute hydrochloric acid, preferably N/10 solution; and dilute sodium 
hydroxide, preferably N/10 solution. 


Apparatus: 
Glass Beaker, exactly 23 inches diameter and approximately 
250 c.c. capacity 
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Sterilizer 

Spatula 

Analytical Balance (butter moisture scale) 

Set of Weights 

Water Bath 

Thermometer.—The stem and bulb of the thermometer should be 
small 

Three 100-c.c. Burettes with Stands 

Test Tubes, ? by 8 inch, of clear glass and thin wall 

Brom-Thymol-Blue Indicator—It is best to purchase this solu- 
tion already prepared, from a laboratory supply company 

Set of Brom-Thymol-Blue Color Standards.—It is best to purchase 
these color standards, already prepared, from a laboratory 
supply company 


Procedure.—Exactly 1 gram of gelatin is weighed into a test tube. 
This may be weighed on a piece of glazed paper and transferred to the 
tube, provided none is lost in the transfer. The test tube is filled about 
one-third full of distilled water and set in a water bath (temperature 
145° F.) until the gelatin is dissolved. This usually takes fifteen 
minutes. Cold distilled water is added to fill the test tube about half 
full, and it is shaken thoroughly. Ten drops of Bromo-Thymol-Blue 
indicator are added and thoroughly mixed. 

The color of this solution is compared with the set of color standards 
by placing the two tubes side by side against a white background. If 
the gelatin solution is yellower than the color standard for a pH of 6.6, 
it is necessary to adjust the pH by adding N/10 sodium hydroxide. 
The N/10 sodium hydroxide must be added from a burette and the 
exact amount used must be carefully recorded to a tenth of a cubic centi- 
meter. The sodium hydroxide should be added in small quantities, a 
drop at a time toward the end, and ‘mixed after each addition until the 
color of the gelatin solution is exactly the same shade as the color stand- 
ard for pH 6.6. This result tells just how much N/10 sodium hydroxide 
is needed to adjust 1 gram of that particular gelatin to a pH of 6.6. If 
the gelatin solution is blue instead of yellow, N/10 hydrochloric acid 
should be used in place of N/10 sodium hydroxide and the. same method 
followed. 

Exactly 1 gram of the gelatin is weighed into a 250-c.c. beaker which 
has been thoroughly cleaned and sterilized. The exact amount of N/10 
sodium hydroxide (or N/10 hydrochloric acid as the case may be) which 
has been found necessary to adjust the gram of gelatin to pH 6.6 is then 
added. Enough cold distilled water is added from a burette to make 
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exactly 100 c.c. of liquid (sodium hydroxide plus water), which is added 
to the gelatin and allowed to stand at room temperature for fifteen or 
twenty minutes. It is then set in a cold water bath and the temperature 
gradually raised until the gelatin solution is 145° F. (63° C.). The gela- 
tin solution should be stirred frequently with the small thermometer 
while being heated. The water bath should be removed from the heat as 
soon as the gelatin reaches a temperature of 145° F. The gelatin is 
allowed to remain in the bath for exactly five minutes after reaching 
145° F. It is then removed from the bath and thoroughly stirred with 
the thermometer. It should be placed immediately in a cold room (40° 
F.) free from dust and dirt, where it must remain undisturbed at 40° F. 
(5° C.) until thoroughly cooled, or for at least four hours. A sample 
should not be removed from the cold room or be disturbed until the 
reading is to be taken. The latter is made by placing one hand tightly 
over the top of the beaker while quickly and gently inverting it. A good 
gelatin will not break or fall out of the beaker, and the firmer the gel the 
better it is. 

Since this method is purely comparative, it is necessary to run two 
samples simultaneously, treating them exactly alike. The results are 
always stated in the following manner: ‘Sample No. 1 has greater gel 
strength than sample No. 2.” 

The following steps are very important to the success of this test: 


(1) The beakers must be uniform and exactly 23 inches in diameter. 

(2) The beakers must be clean and sterile. : 

(8) The gelatin solution must be carefully and accurately adjusted 
to pH 6.6., as a slight change in pH will greatly affect the gel strength 
of the solution. 

(4) The amount of liquid used to make the gelatin solution must be 
measured to exactly 100 c.c. in order to prevent any variation in con- 
centration. 


ANALYSIS FOR GELATIN 


The analysis of ice cream for gelatin offers many perplexing problems 
and, consequently, any method giving accurate results will be too long, 
tedious, and complicated for the ordinary laboratory operator to employ. 
Probably the most accurate method is described in detail by Ferris,!9 
and, therefore, will not be repeated here. 


19 Ferris, L. W., A Method for the Quantitative Determination of Gelatin in 
Ice Cream. Journal of Dairy Science, Vol. 5, No. 6, p. 555, 1922. 
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ANALYSIS OF MILK POWDER FOR SOLUBILITY 


The term solubility is used to denote the ability of the powder, 
when mixed with water, to regain the physical and chemical properties 
of milk. For commercial conditions, the sediment method is sufficient, 
while for more accurate determinations the gravimetric test should be 
made. 

; Sediment Method 


This is based on the principle that a cotton disk will catch all the so- 
called insoluble powder from a definite amount of a 10 per cent solution 
(by weight), when filtered. The results are approximate or compara- 
tive because the amount of insoluble powder can only be estimated. 
The method has the advantage of being rapid and simple and of indi- 
cating the color of the insoluble material. 

Preparation of Sampie——The powder is thoroughly mixed with 
a spatula. All lumps, however small, are carefully pulverized. This can 
best be done by mashing with a spatula on a glass plate. 


Apparatus: 
Sediment Tester, with cotton disk 
Butter Moisture Scales (analytical balance) 
Set of Weights 
200-c.c. Volumetric Flask 
Beaker, with lip, and a capacity of 100 c.c. 
Spatula 


Procedure.-—Exactly 20 grams of the prepared sample are dissolved 
in warm water (110° F.). A paste is made and is then diluted to exactly 
200 c.c. The sediment tester is assembled, the fuzzy side of the disk 
being away from the screen. All of the 200 c.c. of milk-powder solution 
is passed through the disk. The cotton disk is carefully removed so as 
not to lose or disturb any of the sediment. The disk is placed on a 
sheet of paper, properly labeled with sample number and other identifica- 
tion data. It may be examined immediately or after it has dried. 


Gravimetric Method 
This methods consumes more time and is more difficult to use, but 
gives greater accuracy and allows the results to be expressed in a definite 
percentage. 


Apparatus: 
Analytical Balance (or butter moisture scales) 
Set of Weights 
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Spatula 

Beaker 

200-c.c. Volumetric Flask 

Filter Paper 

Glass Funnel, 3 inches in diameter 
Equipment for Total Solids 


Procedure.—A 10 per cent solution of powder is prepared by weigh- 
ing exactly 20 grams of the prepared sample into the beaker. A paste is 
made with warm water and thinned with more water. This should be 
transferred to the volumetric flask, all the milk powder solution being 
rinsed into the flask. The solution should measure exactly 200 ml. (c.c.). 
After it is filtered, a total-solids determination is made on the filtrate, 
and the total amount of powder in the filtrate calculated. The total 
weight of this calculation is divided by the weight of the powder to make 
up the solution, and the quotient is the percentage of solubility. 


ANALYSIS FOR FREEZING POINT 


The determination of the freezing point is based upon the fact that, 
when any liquid freezes, the formation of ice crystals causes a certain 
amount of latent heat, called the latent heat of fusion, to be given off, 
and the giving off of this heat is indicated by a very rapid though slight 
rise in temperature. After the ice crystals start to form, the temperature 
remains constant until nearly all the liquid is frozen. This temperature 
is called the freezing point. Two things are necessary for freezing: (1) 
supercooling, which means cooling below. the freezing point; and (2) 
either sight agitation or a nucleus to start the formation of ice crystals. 
The freezing point is lowered by increasing the concentration of those 
substances which go into true solution. The same concentration of 
different substances may have different freezing points, however. It is 
important to remember that a slight change in concentration will 
produce a great change in freezing point. The most common use in the 
dairy industry of the freezing point is to detect adulteration of milk, 
where a minimum of 3 per cent adulteration with water can be detected. 
The Hortvet Cryoscope has been specially constructed for freezing-point 
determinations of milk; any liquid can be substituted, however, with 
only minor changes in the procedure. The Hortvet Cryoscope is pur- 
chased complete, except for a pressure and suction pump, with instruc- 
tions for operating.2° Since ethyl ether is used in the cooling bath, 
flames must not be allowed in the same room. 


20 See also article by J. Hortvet. Jour. Ind, and Eng. Chem., Vol. 13, No. 3, p. 
198, March, 1921. 
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Certain important precautions should be observed in the use of this 
method: 


1. The sample should be taken and prepared as directed for solids test. 

2. The clean freezing test tube should be rinsed with the prepared 
sample immediately before the sample to be tested is measured into it. 

3. No drops of moisture should be permitted to collect on the inside of 
the freezing test tube or other apparatus that comes in contact with 
the sample. 

4. Enough of the sample should be used completely to submerge the 
bulb of the freezing-point thermometer. 

5. The ether bath should always be at 400 c.c. volume at the beginning 
of a determination. 

6. The ether bath should be maintained at a constant temperature of 
about 2.5° C. below the freezing point of the liquid being tested. 

7. Acurrent of dry air should be constantly flowing through the ether 
bath. 

8. No sulphuric acid or moisture should be allowed to get into the 
ether. 

9. The thermometer should always be read with a lens, care being 
taken to avoid parallax. 


ANALYSIS FOR BACTERIA 


Bacterial analyses are reliable only when made by operators who 
have been carefully trained and who have had a certain amount of 
experience. Since bacteria are too small to be seen with the naked eye, 
it is very difficult to appreciate the error introduced by the oversight of 
a small detail. 


Acar Puate Meruop?! 


This method is the one most commonly used, for it readily lends 
itself to the analysis of all dairy products. It is based on the fact that, 
under favorable conditions of temperature, food, and moisture, one 
organism will grow and in time make a colony large enough to be seen 
with the naked eye. When a known quantity of the product to be 
analyzed is placed under these carefully controlled favorable conditions, 
the number of bacteria in that quantity can be counted with the naked 
eye. That each colony originates from a single organism is a supposition 
which may not be true, for the organisms frequently exist in clumps. 
The method has the important advantage, however, of counting only 


21 Taken a part from Standard Methods of Milk Analysis, 4th Edition, 1923. 
Published by the American Public Health Association. 
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the organisms that are alive and are capable of injuring the quality of 
the product. Since 1 ¢.c. of milk or 1 gram of butter may contain 
millions of bacteria, it is obviously impractical to try to count them all. 
Therefore, so-called “dilutions” are made in order to reduce the number 
of bacteria colonies which have to be counted. The sample is diluted 
by placing a known quantity in an accurately measured amount of 
sterile water, called a water blank, so that the sample bears to the final 
volume such a ratio as 1 to 10, 1 to 100, or 1 to 1000. For example, if 
1 c.c. of milk is placed in 99 c.c. of sterile water, the dilution is 1 to 100. 
Ten cubic centimeters of milk in 90 ¢.c. of sterile water, or 1 c.c. of 
milk in 9 ¢.c. of sterile water gives a 1 to 10 dilution. Then if 1 ¢.c. of 
the 1 to 10 dilution is placed in 9 ¢.c. of sterile water it is diluted further 
and that is called a 1 to 100 dilution, this being the ratio of the original 
milk to the final dilution. Similarly, 1 ¢.c. of a 1 to 100 dilution placed 
in 99 c.c. of sterile water gives a 1 to 10,000 dilution. Other dilutions 
can be made in the same manner. The same pipette should not be used 
for more than one dilution, and each dilution should be thoroughly mixed 
as soon as the sample is pipetted into it. 

Samples.—In all analytical work, the sample is the most important 
feature, because an inaccurate sample will unavoidably give inaccurate 
results. For bacterial analysis, it must be remembered that contact 
with any apparatus which is not absolutely sterile will contaminate the 
sample and make the results worthless. The fact that the apparatus 
has been sterilized is not enough; it must be protected from contam- 
ination until used. Too much care cannot be given to this matter. All 
samples should be placed in cracked ice as soon as taken, and kept at a 
temperature below 50° I’. (10° C.) until analyzed. 

Milk and cream and all liquid products should be sampled with a 
sterile sampling tube. After the cotton plugs are removed, the tube 
should be slowly inserted to the bottom of the container, thus removing 
a sector of the contents, which is put into a sterile sample bottle. The 
stopper should not be laid down, as contamination of the sample is 
likely to occur. At least 50-100 c.c. should be taken for each sample; 
and at least six (and preferably more) samples from as many different 
places in the vat as possible should be taken after the liquid has been 
thoroughly mixed. Liquids may also be sampled by catching some of the 
material in a sterile sample bottle at periodic intervals as it is being 
poured from one container to another. 

Milk powder, gelatin, and sugar should be thoroughly mixed with a 
sterile spatula and a portion placed in a sterile sample bottle. 

When butter or ice cream is being sampled, the surface inch should 
be removed by a sterile spatula from the point to be sampled. With 
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another sterile spatula, a core should be cut out and placed in a sterile 
sample bottle. 

All glassware should be sterilized in the dry-air sterilizer at 170- 
180° C. for one to two hours. Pipettes and Petri dishes should be 
wrapped in paper or enclosed in metal containers to prevent contamina- 
tion upon removal from the sterilizer. Cotton plugs should be inserted 
in each end of the sampling tubes, and one to four tubes should be 
completely wrapped in paper or metal containers before sterilization. 

Reagents.—The reagents for bacteria tests are as follows: normal 
sodium hydroxide, which is made by dissolving 40 grams of chemically 
pure sodium hydroxide sticks in distilled water; N/10 sodium hydroxide, 
which is prepared by accurately diluting normal sodium hydroxide to 
ten times its volume; Brom-Thymol-Blue indicator (it is best to pur- 
chase this, already prepared, from « laboratory supply company); 99-c.c. 
water blanks and 9-c.c. water blanks (these are prepared by placing either 
103 c.c.23 of pure distilled water in a flask, or 94 c.c.22 of pure dis- 
tilled water in a test tube, fitting with a cotton plug, and sterilizing in 
the autoclave for thirty minutes at 15 lbs pressure); and standard agar, 
which is prepared by adding 0.3 per cent beef-extract (Difco), 0.5 per 
cent peptone (Difco), and 1.5 per cent market agar to the desired 
number of liters of distilled water. It is dissolved by heating in an 
autoclave for forty to ninety minutes after the pressure has reached 
15 lbs., the length of time depending upon the quantity of media pre- 
pared. When completely dissolved, it is removed from the autoclave. 
One cubic centimeter of the agar is placed in a test tube with 4 c.c. of 
hot distilled water (85-100° F. and no warmer). Ten drops of Brom- 
Thymol-Blue are added and thoroughly mixed. Its color is tested by 
holding it beside the color standard tube at an angle of 45° against a 
white background. ‘The pH of the color-standard tube that exactly 
matches the color of the agar tube is the pH concentration of the agar 
medium. This should be between pH 6.2 and pH 7.0; the most desirable 
reaction, however, is pH 6.6. 

If necessary, the pH is adjusted by the following method: One cubic 
centimeter of agar is added to 4 ¢.c. of hot distilled water (85-100° F., 
not warmer) in a test tube. .Ten drops of Brom-Thymol-Blue are added 
and thoroughly mixed.. Tenth normal sodium hydroxide is added slowly 
from a burette and mixed frequently until the color exactly matches the 
color standard for pH 6.6. The amount of N/10 sodium hydroxide 
added from the burette, multiplied by 25, is the amount of normal 
sodium hydroxide to be added to one liter of the agar to adjust the pH 
to 6.6. After the pH is adjusted, the media should be filtered through 


22 The additional amount is due to loss during sterilization and cooling. 
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a cotton filter, placed in flasks of 100 c.c. each or in test tubes of 10 c.c. 
each, plugged with cotton, and sterilized in the autoclave at 15 lbs. pres- 
sure for twenty minutes. They are then removed from the autoclave 
and stored at a temperature of 40° F. until ready to use. 


Apparatus: 

Set of Brom-Thymol-Blue Color Standards. 

50-c.c. Burettes, graduated in tenths of a cubic centimeter, one for 
normal sodium hydroxide; one for N/10 sodium hydroxide. 
(Automatic burettes attached to the bottle may be used, in 
which case the burette clamps and stands are unnecessary) 

Burette Clamps and Stand 

Test Tubes, 2 inch in Diameter—The glass should be very clear 
and should have a thin wall (for making pH determination) 

Flasks, of 100-c.c. capacity, for water blanks 

Test Tubes, 3 inch Diameter (for 9-c.c. water blanks) 

Sampling Tubes, which should be of 43-inch glass or aluminum 
tubing 36 inches long. 

1-c.c. Pipettes —These should be straight-sided and graduated to 
deliver 1 c.c. 

Petri Dishes, whose bottoms or smaller halves should have inside 
diameters of 10 cm. 

Absorbent Cotton, for plugs in water blanks and media flasks 

Flasks, of 2 liters capacity, for making up media 

Erlenmeyer Flasks, with a capacity of 150 ¢.c., in which to 
sterilize the media 

Laboratory Balances (butter moisture scales) 

Set of Weights and Fractional Weights 

Spatula 

Autoclave 

Dry-air Sterilizer 

Tally Meter 

Wax Pencil, for writing on glass 

33 Hand Lens 


VoLuMEtTRIC Mrruop 


This method is used for analyzing milk, cream, skim milk, and 
evaporated milk, which are not very viscous. To insure uniform results 
with very rich cream, it is better to use the gravimetric method, because 
the pipette does not deliver uniform quantities of heavy cream. The 
volumetric method is very rapid and less tedious than the gravimetric 
one, and gives results in bacteria per cubic centimeter. The sample 


ANALYSIS FOR BACTERIA 313 


should be thoroughly mixed by shaking, before removing the quantity 
to be diluted. The larger the volume used in making the first dilution, 
the smaller the error in measuring the sample. 

By means of a sterile pipette, the amount of the sample to be diluted 
(1 ¢.c. assumed) is accurately measured into a sterile water blank of the 
proper size (99 c¢.c. assumed) thus obtaining a 1 to 100 dilution. The 
pipette should never be laid down while being used. The tip of the 
pipette should be flamed (passed through a flame) before being inserted 
into the sample. The cotton plug of the sterile water blank should be 
removed and held in the fingers while the mouth of the water-blank 
bottle is flamed and the 1 c.c. of milk delivered into the sterile water. 
The plug is replaced and the milk thoroughly shaken with the sterile 
water. The pipette should then be laid down and not used again for 
bacteriological work until thoroughly washed and sterilized. With a 
clean, sterile pipette, 1 c.c. of this dilution is transferred to each of two 
clean, sterile Petri dishes. The cover of the Petri dish is raised only 
enough to permit. the 1 ¢.c. of liquid to be delivered in the center of the 
plate. The tops of these plates should have been previously labeled, by 
means of a wax pencil, with the sample number, the dilution ratio (1 to 
100), the date, and any other information desired. Before the pipette 
is put down, another 1 c.c. of the dilution is transferred to a new sterile 
9-c.c. water blank with the same care and precaution as in making the 
first dilution. The dilution has now become 1 to 1000. The pipette 
should be discarded for washing. The second dilution is thoroughly 
mixed, and, with a clean, sterile 1-c.c. pipette, 1 c.c. is transferred to each 
of two clean, sterile Petri plates, which have been previously labeled. 
It is necessary to make duplicate plates on each dilution plated and to 
plate at least two dilutions. The most common dilutions on these 
products are 1 to 100 and 1 to 1000, or 1 to 1000 and 1 to 10,000; but 
higher ones may be found necessary. 

After the diluted sample is placed in the Petri dishes, about 10 c.c. 
of agar are added. The sterile agar should be completely melted and 
then cooled to a temperature of 110° F., at which temperature it should 
be poured into the Petri plates. This temperature is easily determined, 
after a little practice, by placing the flask of agar on the arm. Great 
care must be used to have this temperature correct, because if the agar 
is too hot it will kill the organisms, and if too cold it will become lumpy, 
making a thorough mixing impossible. In pouring the agar into the 
plates, the plug is removed first, the mouth of the flask flamed, and the 
lid of the plate raised only enough to allow the agar to be poured into 
the middle of the plate and about 10 c.c. of agar introduced. The lid 
is closed and the agar thoroughly mixed with the 1 c.c. of diluted sample 
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by a gentle rotary motion. It is allowed to stand undisturbed in a level 
position until the agar has solidified. 

The plates are then inverted and placed in an incubator at a temper- 
ature of 37° C. for exactly forty-eight hours. To secure good results, 
all plates should have equal incubation temperatures and should remain 
undisturbed during this period. 

At the end of the incubation period, the colonies may be seen with 
the naked eye as white or sometimes colored spots in or on the agar. 
Each colony, whether large or small, should be counted, a spot of ink 
being used to mark it as it is counted with a tally meter. After all 
visible colonies are counted the plates should be further examined with 
a hand lens (34) to detect any others. This final count should also be 
recorded. The counting should be completed as soon as possible after 
removing the samples from the incubator. 

Only those plates containing from 30 to 300 colonies should be 
counted. Usually those containing around 100 are the most accurate. 
If duplicate plates do not check within 10 per cent of each other, more 
careful technique is required. The average count on the duplicate plates 
must be multiplied by the dilution marked on the top of the plates to 
give the bacterial analysis of the original sample. For example: if 
200 and 190 were the respective number of colonies found on duplicates 
of a 1 to 1000 dilution, the milk would contain 195 & 1000 = 195,000, 
the number of bacteria per cubic centimeter. 

The plates can then be thoroughly washed, dried, and sterilized, 


GRAVIMETRIC METHOD 


This method is recommended for the analysis of gelatin, milk powder, 
sugar, butter, sweetened condensed milk, and ice cream or ice cream 
mix. These solid samples are sometimes reported on a volumetric 
basis, which refers to a plate count per cubic centimeter of a 10 per cent 
solution or suspension, by weight. The gravimetric method is based on 
the sample’s being weighed instead of measured, and the results are 
reported in bacteria per gram, instead of per cubic centimeter as in the 
volumetric method. 

Samples of gelatin, milk powder, and sugar should be thoroughly 
mixed and handled entirely by a sterile spatula. The same one may be 
used repeatedly if it is flamed before being placed in the sample. Butter 
samples should be cut into very fine pieces with a sterile spatula. 

A pair of cornet forceps and a sterile water blank containing 90 c.c. 
are carefully counterbalanced on the moisture scales. A 10-gram weight 
is placed on the opposite scale pan, the plug removed from the water 
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blank and suspended over the edge of the pan by means of the forceps, 
care being taken that the plug does not touch anything. The mouth 
of the water blank is flamed, and exactly 10 grams of the sample to be 
analyzed are introduced. The mouth of the water blank is flamed and 
the plug replaced. This gives a 1 to 100 dilution. It may be more 
convenient to use a known weight of sample instead of exactly 10 grams, 
but in this case it would be necessary to calculate the dilution. To 
insure equal distribution of the sample, water blanks used in diluting 
gelatin or butter samples should be heated to 105-110° F. (41-43° C.) 
before the sample is introduced. Other dilutions are made and the 
plating continued as in the volumetric method. The most common dilu- 
tions for these products are the following: sugar, 1 to 10 and 1 to 100; 
gelatin, from 1 to 10, up to 1 to 100,000; all others, from 1 to 100, up to 1 
to 10,000. 


Direct Count, 0k BREED Mrruop 


This method is based upon the use of a microscope to count the 
bacteria after they have been stained with a dye so that they are easily 
seen. It required the use of a solution; and unless the sample is already 
liquid, it is advisable to make a 10 per cent solution or suspension by 
weight. In this method, exactly 1/100 c.c. of liquid is evenly spread over 
exactly 1 sq. cm. of a clean glass slide and dried. The fat in the 
film is removed by xylol, and a solution of Loeffler’s Methylene Blue is 
applied to stain the film, which is then decolorized with alcohol until 
the bacteria are easily seen. The film is examined under a microscope 
which has a field of exactly 0.205 mm. diameter. The number of 
bacteria in several fields are counted and the average multiplied by 
300,000 to give the number in each cubic centimeter of the liquid 
examined. 

The important disadvantages are (1) that a small error in the 
technique will produce a large error in the results and (2) that all 
organisms, both dead and alive, are counted. Obviously, for pasteurized 
products, such as milk powder, etc., this method is of little value, 
because the ice cream manufacturer is interested only in the number of 
live organisms present. Its principal advantage is the rapidity with 
which it may be used, 


CHAPTER XI 
ENGINEERING IN THE ICE CREAM PLANT 


Importance of Engineering Knowledge.—The manufacture of ice 
cream entails the application of many laws of physics, especially in the 
process of pasteurization and freezing, which necessitates the use of con- 
siderable machinery. The well-equipped ice cream plant has a steam 
plant, pasteurizers, hotwells, coolers, freezers, electric motors, refrigera- 
tion machinery, and many other smaller types of equipment. The ice 
cream manufacturer, consequently, has many problems of an engineering 
nature. Since the operation of the machinery constitutes a large part 
of the production cost, every effort should be made to manage the 
equipment properly and keep it in perfect mechanical condition, thus 
raising its efficiency. 

Heat.—Since the freezing of ice cream is a process in which heat 
plays a large part, consideration should be given to the principles under- 
lying the measurement and utilization of heat. Heat is a source of 
energy. According to the theory generally accepted, heat is a resultant 
of, or is at least connected with, the motion of the molecules of a body, 
and its intensity, or the temperature, depends upon the velocity and 
amplitude of this motion. 

Most bodies expand when heated. This expansion is probably due 
to the increased velocity of the molecules, which forces them farther 
apart and increases the actual size of the body. The vibration may 
become so violent that the attraction between the molecules is partly 
overcome and the body can no longer retain its form. In this case the 
solid becomes a liquid. If still more heat is added, the attraction of the 
molecules may be entirely overcome by their violent motion, and the 
liquid then becomes a gas. 

Temperature and Temperature Measurement.— Unless otherwise 
stated, the temperatures given in this chapter will be taken on the 
Fahrenheit scale, that on which temperature is usually measured. The 
Centigrade scale is sometimes used. A comparison of the two scales 
is made in the following paragraphs. 


The graduations on the Fahrenheit scale are obtained by noting the 
positions of the mercury column when the bulb of the thermometer is 
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placed in melting ice and when it is placed in boiling water under an 
atmospheric pressure corresponding to sea-level barometer. The dis- 
tance between these two poinis is divided into 180 equal parts, or degrees. 
The freezing point is arbitrarily taken as 32° above zero of the scale, 
thus making the boiling point 32° plus 180° or 212° above zero. 

On the Centrigrade scale, the distance between the freezing point 
and the boiling point is divided into 100 equal parts or degrees, and the 
freezing point on the scale is marked 0°. The boiling point is then 100°. 

Since in the Fahrenheit scale there are 180 divisions between the 
freezing and boiling points and on the Centigrade 100 divisions, it fol- 
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lows that 1° F. = 8° C., or 1° C. = 2° F. As, however, the freezing 
point on the Fahrenheit scale is marked 32 and on the Centigrade 
scale 0, it is necessary to take account of this difference when converting 
from one scale to the other. If the temperature Fahrenheit be denoted 
by ty and the temperature Centigrade by ¢., then the conversion from 
one scale to the other may be made by the following equations: See 
Fig. 75. 
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The Unit of Heat.—Heat is not a substance, and it cannot be 
measured as water would be, in pounds or cubic feet, but it must be 
measured by the effect which it produces. The unit of heat used 
in engineering is the heat required to raise a pound of water one 
degree Fahrenheit. The heat necessary to raise a pound of water 
one degree does not remain the same throughout any great range of 
temperature. For physical measurements where accuracy is required, it 
is necessary to specify at what point in the scale of temperatures this 
one degree is to be taken. Many authors specify that the heat wnit is the 
amount of heat required to raise a pound of water from 39° to 40° Fahrenheit. 
The range from 39° F. to 40° F. is used because at this temperature 
water has its maximum density. This unit is called a British Thermal 
Unit, and is denoted by B.T.U. The heat unit used in Marks and 
Davis’ tables is the ‘mean B.T.U.,” that is, ¢¢9 of the heat required to 
raise one pound of water from 32° to 212° at atmospheric pressure 
(14.7 lbs. per square inch absolute). 

Kinds of Heat.—Heat is absorbed by a body in two different ways. 
These are sometimes known as the three types of heat. In the accom- 
panying diagram, showing the relation of heat to temperature of water, 
these three types of heat are illustrated. 

When a certain quantity of heat has been added to ice, point A on 
the curve, there occurs a rise in temperature, point B. This is an 
illustration of sensible heat. Sensible heat, therefore, may be defined 
as the addition of heat accompanied by a temperature rise of the body. 
Between points B and C, heat is added to the ice, but there is no change 
in temperature. The heat added during this time is called latent heat, 
for it has been absorbed in this particular instance in the changing of 
the ice to water and has not produced a temperature change. Latent 
heat may be defined as heat that is absorbed by a body and is not 
accompanied by a change in temperature. Between points C and D, 
more heat is added; a rise in temperature now takes place. This is 
another example of the addition of sensible heat. From D to ZF still 
more heat is added but with no temperature change; this is a further 
example of the addition of latent heat. 

The great heating effect of steam is made possible by condensation, 
or the giving up of latent heat. 

Specific Heat.—If the temperature of a body is raised or lowered a 
definite amount, a certain amount of heat must either be added to or 
given up by the body. The heat capacity of any substance compared 
with that of an equal weight of water is called its specific heat. If 
expressed in English units, the heat capacity of one pound of water is 
one B.T.U., and specific heat may be defined as the heat necessary to 
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raise the temperature of one pound of a substance one degree Fahrenheit, 
expressed in British Thermal Units. 


TABLE LXXX 


Sprciric Heat MareriAs * 


Material Specific Heat 
UNS Ty peeing, A OL FBws CUP. 
Wiehe rags specs Py aarti on: 1.00 
INGOMGs 2 seas maa A 0.54 to 0.769 

(Temp. 32-176) 

IMT] ake eae eee 0.93 
Sulphuric acid..;....| 0.3363 
PAT Croan UT ener ee tee 0.218 
@adnaiuimee eee ere 0.056 
Goppertaterrreces te 0.093 
onan. 0.110 
NGG La etn ey & meni eeaate 0.031 
Mierculiyaner bree rr 0.032 
INGE elle oS como maid 0.108 
PeKEUAUTNS 4 so SoS ec 0.032 
Thy pat orn pUe e Aeeeeee 0.055 
LTS CAN eae i 0.094 


* Adapted from Smithsonian Tables. 


Transfer of Heat.—Heat may be transferred from one body to 
another. In the case of a heating plant or a pasteurizer, heat is carried 
from a warm object to a cooler one. This flow of heat follows a natural 
law, which says that two bodies of different temperature, if placed near 
to each other, will tend to become of the same temperature, the warmer 
object giving off heat to the cooler one. Heat may also be transferred 
from a colder object to a warmer one, but this is not a natural process 
and requires the use of a refrigeration machine. There are only three 
natural methods of heat transfer. The first is by radiation, which is 
similar to the way in which light is radiated from a lamp. There is 
always a transfer of radiant heat from a body of high temperature to 
one of low temperature. The amount of heat radiated depends upon 
the difference in the temperature between the bodies and upon the char- 
acter of the substance. 

A practical application of the information given in Table LXXXI is 
that of the effect of keeping radiating surfaces well polished, if it is 
desired to reduce the amount of heat radiated. Table LXXXI shows 
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that with polished copper the heat radiated per square foot per degree 
difference in temperature is 0.0327 B.T.U., while for rusted cast iron the 
radiating capacity is 0.648 B.T.U. or approximately 18 times as much. 
This explains why the rusty stove found in the old country grocery 
store was a much better heater than the modern highly polished radiator. 


TABLE LXXXI * 
RapDIATING POWER OF BopIEs 


Radiating power of bodies, expressed in heat units, given off per square foot 
per hour for a difference of one degree Fahrenheit (Perclet) 


Belews 
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*Allen, J. R., and Bursley, J. A., Heat Engines, p. 7. McGraw-Hill Book Company, New York. 


A second method by which heat is transferred is that of conduction 
through the body itself. The amount of heat conducted will depend 
upon the material of which the body is composed ‘and the difference of 
temperature between the two sides of the body. It is also inversely 
proportional to the thickness of the body. Heat will be conducted from 
one body to another when the two are placed in contact with each other. 
Table LX XXII shows the conducting power of different bodies. 


TABLE LXXXII * 
Conpuctine PowER or BopIiEs 


Approximate B.T.U. transferred per hour, per square foot per degree F. dif- 
ference in temperature, per inch thickness 
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* Adapted from Smithsonian Tables. 
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Transfer of Heat by Convection.— When air or any other gas comes in 
contact with a hot body, it becomes warm and rises, carrying away heat 
from the hot body. Heat carried off in this manner is said to be lost by 
convection. This loss is independent of the nature of the surface—wood, 
stone, and iron losing the same amount—but it is affected by the form 
and position of the body. 

Transfer of Heat by Conduction.—The amount of heat conducted 
through a wall of metal, wood, or any material may be calculated by 
the use of the following formula, provided that the proper values for 
constant K can be found. 


INGEN OG IE 

cae D 

Q = B.T.U. transferred per second 

K = Conductivity constant for the material of the wall and 
represents the heat conducted through one square foot 
of the material one inch thickness per hour per degree F. 
difference in temperature of the two sides of the wall. 

A = The area of the heating surface in square inches 

t; = Temperature of hot side of wall, (°F.) 

t2 = Temperature on colder side of the wall, (°F.) 

T = Time in seconds 

D = Thickness of wall in inches. 


Factors Reducing the Efficiency of Heat Transfer.—Where heat is 
transferred from one body to another through a wall, for instance, in 
the heating of water, there is a tendency for a thin film of the water to 
be in contact with the wall and remain at approximately the same 
temperature as the wall. The conductivity of water is approximately 
say that of copper and, therefore, this film of water will tend to 
reduce the rate of heat transfer. This film of hot water, then, must be 
constantly removed in order to obtain the best heat transfer. This can 
best be done by moving the water rapidly across the surface of the wall. 
This explains the necessity of agitation in a vat of milk, if the milk is 
to be heated quickly. The agitation constantly removes the film of 
liquid near the wall, preventing the formation of a heated film. 

Inefficient heat transfer is also caused by burning the solids on the 
heating surface. The effect is somewhat the same as that of a layer of 
water, since the deposit acts as an insulator and prevents rapid heat 
transfer. The burning on of solids may be caused by carrying the 
temperature of the heated wall too high, by using a conducting sur- ; 
face which is too thin, or by failure to agitate the liquid that is being 
heated. 
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Work, Energy, and Power.—Work is the overcoming of resistance 
through space and is measured by the resistance in pounds, multiplied 
by the distance in feet through which the body is raised. The simplest 
form of work is that of raising a body against the force of gravity. Ifa 
weight of 10 lbs. is lifted 12 feet., the amount of work done is 12 X 10 = 
120 ft.-lbs. Similarly, if the rim of a flywheel is pulled with a force of 
10 Ibs. and the wheel is turned with the same pull until a point on the 
rim has traveled 12 feet, 120 ft.-lbs. of work will also be accomplished. 
Work is not dependent upon the time consumed. 

Energy is the capacity for doing work. Gasoline, for example, has 
a heating value of 20,000 B.T.U. per pound, or approximately 120,000 
B.T.U. per gallon. One B.T.U. of heat, if completely transformed 
into work, would produce 778 ft.-lbs. of work. Therefore, the total 
energy (or the capacity for doing work) which was contained in the 
gallon of gasoline would be 120,000 times 778, or 93,360,000 ft.-lbs. 
of work. 

Power is the time rate of doing work. The common unit of power is 
the horse-power. One horse-power is equivalent to raising 33,000 Ibs. 
one foot in one minute, or, as sometimes stated, is equivalent to the doing 
of 33,000 ft.-Ibs. of work per minute. This is the unit employed in rating 
engines and motors. Power may also be expressed in electrical units. 
The kilowatt is the electrical unit of power; 1 kilowatt equals 1.34 
horse-power. 

The Law of Conservation of Energy.—Energy cannot be destroyed, 
but it may be transformed from one form to another. For instance, in 
the operation of a steam engine, a part of the heat goes into useful work, 
another part is exhausted from the engine, and another is lost by radia- 
tion from the hot surfaces. None of this energy is destroyed; it may 
all be collected again. If a given amount of heat is added to an object, 
it may all be accounted for. . 


STEAM 


Steam equipment is very largely used in ice cream plants, both for 
power and for processing. At the present day, however, a large percent- 
age of the power used is obtained from electric motors. The concern 
here is more with the steam used in processing than with that used for 
power. Steam is produced by heating water. Referring to Fig. 76, it 
will be observed that for every pound of water which is changed into 
steam, approximately 1000 B.T.U. of heat must be added. This heat 
energy is then given up again when the steam is condensed. It can be 
readily seen that steam forms a very convenient medium for the transfer 
of heat, as it carries a very large amount of heat per pound. 
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The Formation of Steam.—Steam as produced in the ordinary boiler 
is a vapor. It often contains a certain amount of water in suspension, 
as does the atmosphere in foggy weather. If heat is applied to the exter- 
nal shell of a boiler partly filled with cold water, the water in the boiler 
is heated and its temperature slowly rises. This increase in temper- 
ature continues from the initial temperature of the water until the 
temperature of boiling water is reached. When the boiling point is 
reached, small particles of water are changed into steam. These rise 
through the mass of water and escape to the surface. The water is then 
said to boil. The temperature at which the water boils depends upon 
the pressure in the boiler. The water is at the same temperature as the 
steam; under this condition, the steam is said to be saturated. If heat 
is continually applied to the water in the boiler, the pressure remaining 
the same, the temperature of the steam and the water will remain 
constant until all the water is evaporated. If more heat is added after 
all the water is converted into steam, the pressure still being kept 
unchanged, the steam under this condition is said to be superheated. 
The heat absorbed in the formation of steam might then be divided into 
three parts, as mentioned under kinds of heat. First, there is the heat 
that is used up in raising the temperature of the water from its initial 
temperature to the temperature of the boiling point. This is called the 
heat of the liquid. Second, there is the heat that is used up in changing 
the water at. the temperature of the boiling point into steam at the 
temperature of the boiling point. This is called latent heat. Third, 
there is the heat used up in changing the saturated steam at the temper- 
ature of the boiling point into steam at higher temperatures but at the 
same pressure. This is called heat of superheat. 

The three different types of steam are as follows: first, dry saturated 
steam, which always exists at the temperature of the boiling point 
corresponding to the pressure and contains no moisture in the form of 
water; second, wet steam, which contains small droplets of water; 
third, superheated steam, which is steam at a temperature higher than 
that of the boiling point corresponding to the pressure. Superheated 
steam may have any temperature higher than the boiling point. 

The exact amount of heat carried by the steam has been very 
accurately determined by the United States Bureau of Standards and 
_may be readily ascertained from steam table, page 388. In this table 
are found columns which give the temperature of the steam, the heat of 
the liquid, the latent heat of vaporation, and the total heat of the steam 
for every corresponding pressure. 

In working out the steam table, it was necessary to fix a starting 
point for the measurement of the temperature; this has arbitrarily been 
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set at 32° F. or, in other words, the freezing point of water. Therefore, 
in the use of the steam table, it should be noted that the heat of the liquid 
is the amount of heat, in B.T.U., contained in one pound of the water 
above what it had at 32° F. The latent heat of vaporization is the 
amount of heat, in B.T.U., necessary to change the water into steam at 
the given pressure; and the total heat of the steam, as shown in the 
table, represents the total number of B.T.U. of heat added to the pound 
of water above that it had at 32° F. It also represents the amount of heat 
which would be given up if the steam were condensed and cooled down 
to 32° F. The total heat of one pound of wet steam is given by the 
formula h + ql = B.T.U., in which h is the heat of the liquid, q is the 
per cent or quality of the steam, and / is the latent heat of vaporization 
at the given pressure. For instance, if it is necessary to determine the 
amount of heat given up by one pound of steam at 30 lbs. pressure, 
when the quality of the steam was 90 per cent, the following method of 
calculation should be used: 


p= 21879 BOT.U. 
1 = 944.8 B.T.U. total heat across 
218.9 + .90 X* 944.8 = 1069.3 B.T.U. 


If this steam had been dry, it would have contained 1163.7 B.T.U. 
Using dry steam is an advantage for it carries more heat per pound. 
In the ordinary small steam plant, the quality of the steam will range 
from 94 to 98 per cent. 

Boilers.—Boilers used in ice cream plants should be selected after 
consideration of the size load to be carried, the uniformity of load, and 
the type of help to operate the boiler. For a plant of small size in which 
inexperienced, or low-grade help is employed and in which the load is 
very fluctuating, a horizontal tubular boiler or a Scotch marine type will 
be found satisfactory. These boilers have the advantages of economy of 
space and of upkeep. It is also very easily installed or moved as desired. 
A boiler of this type, having a large water space, will care for fluctuating 
load conditions much more easily than one whose water space is small. 
For large plants which employ high-grade engineers and firemen, and 
in which the load factor is quite uniform, the water-tube boilers are 
more frequently used, because in the larger sizes they are safer and more 
efficient than the tubular types. However, they require considerably 
more upkeep and attention. Their first cost is also higher. 

Fuels and Furnaces.—The type of fuel used in the plant will depend 
very largely upon local conditions, prices of fuel, etc. The oil-fired 
boiler has slightly higher efficiency, is more easily operated, and gener- 
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ally will handle overloads more quickly and easily than will the coal- 
fired boiler. However, the latter, when used with the modern automatic 
stoker, is very efficient and is much used, especially in the eastern states. 
If the transportation cost is a large part of the total cost of the coal, it 
will probably pay to use a high quality of coal; while if this is only a 
small item, a lower quality may be used. Fuel oils should be purchased 
according to a guarantee of a certain heat value, flash point, and gravity. 
Considerable saving may be made by purchasing oil in carload lots; 
often the purchase of a large underground tank which will hold a carload 
or more of oil is desirable. 

Two common types of oil burners are used throughout the country. 
The first is that in which heat and pressure are used for vaporizing the 
oil. With this type, the burner is usually constructed with two connec- 
tions, one for oil and the other for steam pressure. The oil is forced out 
through the tip, where it is mixed with steam and blown into a very fine 
spray. This type of burner operates very satisfactorily and is used in 
many plants. However, it requires steam or air pressure for starting, 
and in its operation will use from 2 to 4 per cent of the steam generated 
by the boiler, 

Many of the newer plants use the motor-driven rotary type of oil 
burner. It may be started almost instantly and requires only a small 
electric motor for its operation. The efficiency is practically the same 
as with the other type of burner. 

Steam Piping.—Steam pipes are usually made of the best grade of 
wrought iron or of steel with cast-iron fittings throughout. On large 
pipe, gate valves are used; while on small pipe the globe valve gives 
less trouble from leakage. Moreover, the seats can be renewed at a 
nominal cost. All steam lines should be thoroughly insulated. The heat 
loss from 1 foot of 2-inch steam pipe which is carrying steam at 60 lbs. 
per square inch pressure, has been measured and found to be approxi- 
mately 483 B.T.U. per hour, room temperature 70° F., which, with coal 
at $5 a ton, would amount to a loss of 8.6 cents per month. Practically 
95 per cent of the loss may be prevented by proper insulation. Many 
types of insulation are available; those most commonly used are the 
magnesia or the asbestos types. Insulation pays, not only from the stand- 
point of cost of operation but from the increased efficiency of the heating 
apparatus, since it prevents the condensation of steam in the lines. 

Steam-operated Equipment.—The principal types of equipment 
which use steam in the ice cream plant are the hotwells, pasteurizers, 
can washers, sterilizers, and condensers. Each of these different types 
of equipment has its own special problems. Certain fundamental 
principles should be considered with all of them. First, the heating 
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surface should be large enough to permit the heat to be transferred 
without using too high temperatures. For instance, if a pasteurizer has 
insufficient heating surface, it will be necessary to carry the temperature 
of steam or hot water so high that there will be danger of burning on of 
solids and of getting a scorched flavor, both of which can be prevented 
if the heating surface is sufficient, agitation good, and the heating 
medium is carried at a lower temperature. Second, the temperature of 
the steam is very largely affected by the pressure. Increasing the 
pressure of the steam will always increase the temperature to some 
extent, as shown in the steam tables. Third, the amount of heat given 
up by the steam in the heater is affected by the quality of the steam. 


Courtesy Creamery Package Mfg. Co. 
Fic. 77.—Horizontal Coil Vat Pasteurizer. 


Steam containing moisture has not the heating effect of the dry steam. 
Fourth, for uniform heating, a good agitation of both the heating 
medium and the product heated is necessary. Fifth, the thickness and 
kind of metal used in the wall between the heating medium and the 
product heated is very important, since the amount of heat carried is 
determined by the conductivity and the thickness of the wall. 


REFRIGERATION 


Principles of Cooling: Definition of Refrigeration.—Refrigeration is 
the taking away of heat units from a body, and is, therefore, concerned 
with the exchange of heat. Refrigeration is concerned practically with 
the taking away of heat from cold objects, usually where the temperature 
is below 40° F. The cooling of milk from, say, 90° F. to 50° F. is also 
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refrigeration in principle. The ice cream manufacturer is interested in 
the method of refrigeration, because the principal physical process which 
takes place is the removal of heat from the ice cream mix. This is done 
in several different stages. The first operation is the cooling of the milk 
as it is received in the plant. Next is the cooling from the pasteurizing 
temperature to the storage temperature. Then comes the extraction 
of part of the heat in the mix in the freezer, and finally, the further 
extraction of heat and hardening of the ice cream in the hardening 
room. It may be assumed that one-half of the heat of fusion of the 
mix is removed in the freezer. The ice cream manufacturer, therefore, 
is primarily interested in the production of low temperatures between 
the ranges of 35° F. and 0° F. He is also interested in the cooling of 
brine, which is often used in the operation of the freezer and for cooling 
the mix. 

Cooling with Ice and Salt—Two methods of refrigeration are em- 
ployed in the ice cream plant; namely, the use of ice and salt, and me- 
chanical refrigeration. In the use of ice and salt, Bowen! has made an 
exhaustive study of the temperatures obtained and the ratio of ice and salt 
required. Where a small amount of refrigeration is required, as in the 
packing of ice cream cans during transportation and in certain small plants 
where a hardening room is not available, the ice-and-salt method of freez- 
ing may be used. The temperature obtained by an ice-and-salt mixture 
depends almost wholly upon the relative proportions of ice and salt, and 
to a certain extent on the rate at which heat is supplied from the outside. 
The density of the brine and the size of the ice and salt particles also 
have some effect on the temperature. For quick freezing, the ice should 
be in small lumps and the brine should be relatively strong. It is impos- 
sible to give other than approximate temperatures with fixed ratios of 
salt and ice, because of variations in the above factors. 

From the curve in Fig. 78, the approximate temperatures resulting 
from different proportions, by weight, of ice and salt may be obtained. 
For example, if it is desired to produce a temperature of 5° F., the 
proportions of ice and salt may be determined from the curve as fol- 
lows: The horizontal line marked 5° at the point where it cuts the 
curve shows that the percentage of salt, by weight, would be approxi- 
mately 16. Table LX XXIII also shows the approximate temperatures 
obtained with different proportions of ice and salt. 

The further action of the ice and salt in producing the low temper- 
ature may be explained as follows: Ice always has a certain film or 
moisture on its surface, which, if brought in contact with salt, dissolves 
the latter and forms a brine. In doing this a certain amount of moisture 
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is literally pulled out of the ice by the attraction of the salt for the 
moisture. In order that this moisture may be removed from the ice, 
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heat must be added. For every pound of ice that is changed into water, 
144 B.T.U. are absorbed. This heat must come from the ice, salt, and 
resulting brine. Therefore, the temperature of these parts is reduced, 
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This process continues as long as there is heat available to be absorbed 
by the ice or until the temperature is reduced to the point where the 
brine and salt are no longer able to attract the moisture from the ice. 


TABLE LXXXIII 


Per Cent of | Temperature} Per Cent of | Temperature 
Salt in of Mixture Salt in of Mixture 
Mixture SE: Mixture 


32 
27 
20 


There is also some cooling action due to the solution of the salt itself 
in water. This varies from 58 to 16 B.T.U. per pound of salt, depending 
upon the final strength of the brine obtained. Table LX XXIV gives the 
heat of solution of one pound of salt dissolved in water at 32° F., up to 
the concentration given by the number of pounds of salt dissolved in 
100 lbs. of water. 


TABLE LXXXIV * 


REFRIGERATION AVAILABLE WITH DIFFERENT PROPORTIONS OF ICE AND SALT 
———— aS Sena e| 


Salt Heat of Total Heat Salt | Heat of Total Heat 
per 100 | Solution | Heat of | Required || per 100 | Solution | Heat of | Required 
Pounds |per Pound|Resulting|per Pound!|| Pounds |per Pound|Resulting|per Pound 
Water | of Salt | Solution | of Mix Water | of Salt | Solution | of Mix 


Poundsa SU eb Ura |e Ore oundes| elses Ween eel Ses seme ae Oe 


i 58.0 14,458 143.0 20 27.0 14,940 124.5 
5 49.7 14,668 139.5 25 22.5 14,962 119.5 
10 40.5 14,806 134.5 30 19.1 14,973 115.0 
15 33.0 14,895 129.5 35 16.4 14,974 111.0 


*U.S. D. A. Bul. 98, Bowan, J. T., p. 15. 


The curve in Fig. 79, based on the percentage of salt, shows the 
amount of refrigeration available per pound of ice-and-salt mixture. 
Certain corrections should be made for the temperature of the ice and 
salt, if accurate results are to be obtained. If the salt is added to the ice 
at a temperature varying from 32° F., or if the resulting brine is allowed 
to escape at a temperature other than 32° F., the amount of available 
refrigeration should be corrected as follows: The weights in pounds of 
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salt and brine should be multiplied by their respective specific heats and 
by variation of their respective temperatures from 32° F. The specific 
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heat of dry salt may be taken as 0.214, that of salt brine may be obtained 
from Table LX XXVIII, which shows the freezing point and specific 


heat of various concentrations of salt brine. 
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Usually, when salt is added to ice it is of a higher temperature than 
the ice. Consequently, the correction for a heat above 32° F. must be 
subtracted from the available refrigeration shown by the curve in Fig. 
79; and if the brine is allowed to escape at a temperature below 32° F., 
the discharge must be subtracted. On the other hand, if the discharge 
temperature is at a higher temperature than 32° F., the correction must 
be added. 

As an example of the application of ice and salt to a practical problem, 
let it be required to find the available refrigeration produced when 100 
Ibs. of dry salt are added to 900 lbs. of ice. In solving this problem, 
the total weight of the resulting brine will be the weight of the salt plus 
the weight of the ice, or 1000 lbs. The total available refrigeration per 
pound of moisture, as shown in Fig. 79,is 132 B.T.U. Therefore, the 
total available refrigeration would be 1000 X 133 = 133,000 B.T.U. If 
the salt added is at a temperature higher than 32° F., say 60° F., then 
the available refrigeration will be 133,000 — (100 X 0.214 (60 — 32)) = 
132,401 B.T.U. If the resulting brine is allowed to escape at 25° F., 
the available refrigeration is 133,000 — (1000 x 0.892 (32 — 25)) = 
126,756 B.T.U. In other words, by adding the salt at a higher temper- 
ature, 599 B.T.U. were lost, while by allowing the brine to escape at 
25° F., 6244 B.T.U. were lost. 

In the cooling of ice cream packers by the ice-and-salt method, it is 
very desirable to crack the ice uniformly fine, if low temperatures are 
desired. It is also necessary to mix 
the salt uniformly through the mix- 
ture. Otherwise, unevenness in cooling 
will result. Where ice and salt are used 
for cooling ice cream truck bodies, the 
same considerations hold. In this case, 
however, it is necessary to stir up the 
ice-and-salt mixture occasionally with 
a hoe or some similar device, in order 
to prevent the salt from settling 
down to the bottom of the ice- 
and-salt compartment. Temperatures 
can be controlled practically, both by 
the proportion of the ice and salt, the fineness to which the ice is cracked, 
and the uniformity of distribution of the salt through the mixture. In 
any kind of an ice type of cabinet, or truck body, the insulation of the 
body is one of the most important considerations. A good insulation is 
necessary for economical results. The National Association of Ice 
Cream Manufacturers have lately made an investigation of the cost of 


Courtesy Cochrane Corporation 


Fic. 80.—Cutaway of Ice Breaker. 
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operation and temperatures obtained in ice-and-salt cabinets of different 
types. The following conclusions, as a result of their investigation, are 
important. An ice cream can in a square compartment (dry pack) 


Courtesy Olsen Publishing Co., Ice Cream Review 


Fic. 81.—Three Types of Dry Pack Ice and Salt Cabinets. 


shows less fluctuation in the temperature of the ice cream from hour to 
hour and from day to day, and also less difference in temperature between 
the top and bottom of the can. A can containing ice cream directly in 


Courtesy Olsen Publishing Co., Ice Cream Review 


Wet Pack Cabinet. Tray Pack Cabinet. 
Fia. 82. 


contact with the ice-and-salt has a very great difference in the temper- 
ature between the top and bottom of the can, especially just before 
the re-icing, when the ice has melted and fallen below the level of ice 
cream. In the square compartment, the frost from condensation forms 
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on the inner surface and does not get into the ice cream can as it does 
in the wet-pack method. The square compartment extending up to the 
under side of the cover prevents the heat which leaks through the walls 
from reaching the ice cream, and thus making it soft on top. The 
results obtained by the National Association of Ice Cream Manufac- 
turers showed that the 4 to 1 ratio of ice to salt was most efficient, that 
the “emulsing method” of icing cabinets should be used by manufac- 
turers to assure uniform packing and prevent damage to cabinets, and 
. that it pays to buy well-insulated cabinets which require re-icing only 
once every forty-eight hours. They found that different ice creams 
require different temperatures. Every manufacturer should experiment 
until he arrives at the proper proportion of ice and salt for his particular 


Courtesy Frigidaire Corporation 


Fie. 83,—Modern Ice Cream Truck Equipped with a Small Refrigerator. 


type of ice cream. The amount of ice and salt used per gallon per 
forty-eight hours in the cabinets varied from 31.3 to 85.2 lbs. The 
salt varied from 6.4 to 13.1 lbs. per gallon of ice cream. 

Refrigerated Trucks.—The transportation of ice cream also involves 
the use of trucks. Many different types have been tried and, until 1926, 
most trucks were refrigerated by means of ice and salt, having a com- 
partment in which the ice cream cans could be stored during transit, 
and which was cooled by brine pipes. With this type of truck it is 
usually necessary to add a considerable amount of ice each day and to 
stir up the old ice and salt. Many operators used a hoe-shaped instru- 
ment for the latter purpose. 

During 1926, a number of trucks were built with a small ice cream 
cabinet type of mechanically refrigerated machine for cooling the cold- 
storage compartment. In one particular outfit, the motor of the 
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refrigeration machine was driv- 
en by electricity generated by 
means of a farm lighting plant, 
which was installed on the 
truck. The temperatures were 
maintained by means of a 
thermostat, which controlled 
the starting and stopping of 
the plant. 

As a practical demonstra- 
tion of what this truck would 
do, ice cream carried from Los 
Angeles to San Francisco, to 
the Pacific Slope Dairy Show, 
during November, 1926, was 
maintained in perfect condi- 
tion. 

Shipping Jackets.—Insula- 
ted shipping jackets made of 
felt or some other insulating 
material and so constructed 


Courtesy Frigidaire Corporation 


Fig. 84.—Automatic Generator on the Truck 
Furnishes Power to Operate the Refrigerator 


Unit. 


that the ice cream cans may be slipped into them, are used in many 


Courtesy Frigidaire Corporation 


Fig. 85.—The Refrigeration Unit in the Truck 
is Similar to those in Iceless Cabinets. 


plants. They are satisfactory 
for hauls of short distance, 
where the total time during 
transit is not over three 
or four hours. Under some 
conditions, they may serve 


‘for a longer period of 


time. 

They have a number of 
advantages over the ice-and- 
tub method, since they arc 
very light, there is no salt, 
ice, or water to contend with, 
and they are easily handled. 
They are of particular valuc 
in connection with the use 
of iceless cabinets, since if 
they are cooled well before 
shipping, the ice cream can 
then be placed in the cabinets 
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absolutely dry and will not slop water over the fixtures in the retail 
store. 

Dry Ice.—Experiments have been conducted recently with a view 
to making practical the use of frozen carbon dioxide, sometimes called 
Sry Ce 

This material is merely a solid, frozen, compact carbon dioxide snow 
formed by the cooling of liquid carbon dioxide below its freezing point. 
The material has practically twice the refrigerating value, pound for 
pound, of water ice, and has a temperature of — 114° F. At the 
freezing temperature, 0.014 cu. ft. of the material weighs one pound, or, 
in other words, one cubic foot weighs 70-100 lbs., depending upon how 
well it is compacted. 

Experiments conducted so far have shown that very low temperatures 
may be obtained and that the material may be shipped long distances 
with very small losses, when containers are properly insulated. As 
ordinarily used, the material is packed in the form of small cubes or 
blocks and set in the container along with ice cream or other products 
which are to be kept cold. As the carbon dioxide vaporizes, it takes 
up heat and refrigerates the bag. 

The principal advantage in its use is that it vaporizes as fast as it 
melts, thereby doing away with the moisture incurred when water ice 
melts. 

MercuHANIcaAL REFRIGERATION 

Mechanical refrigeration is based upon the principle that a liquid 
absorbs heat when it vaporizes. The heat that is absorbed is called 
latent heat and corresponds to the heat absorbed by water when it is 
changed into steam. A medium other than water must be used, as 
water will not vaporize except at temperatures around 212° F. or higher 
at ordinary pressure. There are a number of substances, such as 
ammonia, methyl chloride, sulphur dioxide, carbon dioxide, and others, 
which vaporize readily at temperatures below freezing; these are made 
use of in a practical way in mechanical refrigeration. It is first neces- 
sary, however, to define the units in which refrigeration is measured. 
The term “ton refrigeration” is a cooling equivalent to the heat absorbed 
by the melting of one ton of ice without change of temperature and is 
equivalent to the absorption of 288,000 B.T.U. A one-ton refrigeration 
machine will produce one ton of refrigeration in twenty-four hours’ 
continuous operation under a stated set of conditions. An ice machine 
is usually rated at half the size of the refrigeration machine, since 
practically 2 tons’ refrigeration are required to freeze one ton of ice 
under commercial conditions. 

Refrigerants.—The refrigerant to be used in the operation of a 
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refrigeration machine involves the consideration of a number of points. 
A good refrigerant should have a low boiling point at ordinary pressure, 
a large heat of vaporization, and a small specific volume. A low boiling 
point is desirable because it makes operation possible with a compara- 
tively low pressure in all parts of the system. Therefore, the machine 
and accessories may be of lighter construction with smaller loss of gas 
by leakage. The latent heat of vaporization, to a certain extent, is a 
direct measure of the cooling effect; and the greater the heat of vaporiza- 
tion, the fewer the pounds of refrigerant that must be circulated. ‘The 
smaller the specific volume of the refrigerating agent, the smaller the 
size of the cylinders of the compressors and, therefore, the size and weight 
of the machine used. For large refrigeration machines, the three agents 
most commonly used are ammonia, carbon dioxide, and sulphur dioxide; 
in the small machines used in cooling iceless cabinets, methyl chloride 
and ethyl chloride are sometimes used. All of these refrigerants are 
similar in the way they vaporize and act in the refrigeration machine. 
There is a great difference, however, in the pressure at which they 
operate and their effect upon metals and the ease with which leaks may 
be detected, also their poisonous properties, if any. 

For practical purposes, the value of the refrigerant depends upon 
the boiling point, its latent heat of vaporization, and the pressure at 
which it can be used. To obtain a zero temperature with ammonia as a 
refrigerant, an approximate pressure of 15 lbs. per square inch gauge 
pressure is required in the evaporating coils; with carbon dioxide, 295 
lbs. gauge pressure; and for sulphur dioxide, —5 lbs. Ammonia has a 
much greater latent heat of vaporization, and its working pressures are 
not excessive; its principal disadvantage is that it corrodes brass or 
other copper alloys. Consequently, only iron or steel can be used in 
the construction of those parts of the machine with which the agent 
comes in contact. The pressures of carbon dioxide are so high as to 
cause occasional trouble in keeping the stuffing box and joints tight. A 
relief valve is often placed in the high-pressure side of the system in 
order to protect it from the excessively high pressures. It is non-corro- 
sive, non-explosive, and is not dangerous to life when diluted with air. 
The high pressures necessary, combined with its small specific volume, 
make it suitable for use with a very small compact machine. As the 
low pressure of sulphur dioxide is below atmospheric, leakage of air may 
bring in moisture and may cause corrosion of the metal by forming sul- 
phurous acid. The low pressures required when using sulphur dioxide 
as a refrigerant, together with its large specific volume, make a large 
and cumbersome machine necessary. 

Methy] chloride is a colorless, sweet-smelling gas, which is obtained 
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by the action of hydrochloric acid on methyl alcohol. It is easily liquefied 
and has a boiling point of —10.65° F. at atmospheric pressure. It is 
inflammable in concentrations of at least 10 per cent, and not more than 
15 per cent with air. It does not attack copper, copper alloys, or iron. 
Methyl chloride operates with a pressure greater than atmospheric, on 
both the condensing and evaporating units of the system. The pressure 
and specific volume of methyl chloride are very nearly the same as those 
of sulphur dioxide. ‘ 

The Compression Refrigeration System.—The compression refrigera~ 
tion plant, illustrated in Fig. 86, consists of several essential parts: 
The compressor is a high-pressure pump, which draws the vaporized 
refrigerant from the evaporating coils, compresses it, and then forces it 
into the condenser. During this operation the gas is reduced in volume 
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Courtesy York Products Company 
Fig. 86.—Diagram of Compression Type Refrigeration Machine. 


and its temperature is raised. The condenser consists of a series of coils 
of pipe, through which the compressed vapor is allowed to flow and 
through the walls of which the heat is given off to cooling water or to 
cooling air. The heat contained in the gas is thereby given up and the 
gas liquefied. The liquid refrigerant then passes down to the receiver. 
The receiver is a tank in which the liquid refrigerant is held in storage 
until it is needed in the evaporator. The evaporator, or expansion coil, 
is a series of pipe coils into which the liquid refrigerant is allowed to 
vaporize after going through the expansion valve; it is here that the 
heat is absorbed by the refrigerant. As the absorption takes place, 
heat is taken out of the cold-storage room or brine tank and causes the 
liquid refrigerant to be vaporized. Each pound of liquid absorbs a cer- 
tain amount of heat. This vapor is then drawn into the compressor and 
the cycle repeated. 
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The process of refrigeration by the compression system may be 
divided into three distinct stages: compression, condensation, and 
vaporization. During compression, the gaseous refrigerant is drawn into 
the compressor or pump and there compressed to a pressure dependent 
upon the kind and amount of refrigerant and the temperature and 
quantity of cooling water used in the condenser. The temperature of 
the refrigerant is raised and a part of the heat of vaporization converted 
into sensible heat at this stage of the cycle. During condensation, the 
vapor is forced into the condenser coils under high pressure, by the 
compressor, where the sensible heat developed during compression is 
removed by the cooling water, thereby reconverting the refrigerant into 
a liquid at the temperature and pressure existing in the condenser. The 
vaporization of the refrigerant occurs after 1t has left the liquid receiver, 
passed through the expansion valve, and entered the expansion coils. 
The pressure in the expansion coil is much lower than that in the con- 
denser and receiver; this causes an immediate expansion of the refriger- 
ant, which is augmented by the heat absorbed through the walls of the 
expansion coil which vaporized the liquid. 

The Capacity of Refrigeration Machines.—The expansion coils must 
be large enough to absorb the required amount of heat; the com- 
pressor must be large enough to pump all of the vapor formed in 
the expansion coil into the condenser and must be of sufficient size 
easily to transfer the heat absorbed in the expansion coil to the 
cooling water. 

The amount of surface of the condenser, together with the amount 
and temperature of the cooling water, are especially important from the 
standpoint of cost of operation, since with insufficient cooling capacity 
the refrigerant will be liquefied with difficulty, and as a result the com- 
pressor must operate against a high pressure. This causes a high power 
consumption. An investigation conducted at the University of Cal- 
ifornia showed that the energy consumed by a refrigeration plant was 
reduced approximately 16 per cent by reducing the head pressure from 
200 lbs. per square inch to 150 lbs. Often the installation of more com- 
pressor surface or the use of more cooling water will be found to pay for 
itself in a short time through lower power cost. At the same time, the 
wear and tear on the refrigeration machine is reduced, since the pressures 
will be lower. The pressure on the high side of the machine does not 
materially affect the capacity of the machine. This is not true, how- 
ever, of the pressure on the low side or expansion coil. The lower the 
pressure on the low side, the more cubic feet of refrigerant must be 
pumped for a certain amount of refrigeration. Thus, with a back pres- 
sure of 6 lbs. absolute, 5.58 cu. ft. of gas must be pumped per minute 
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to make a ton refrigeration per twenty-four hours, while with 24 lbs. 
back pressure, only 2.99 cu. ft. must be pumped. 

Refrigeration machines are usually rated at so many tons refrigerat- 
ing capacity when operating at a given back pressure of either 16 lbs. or 
25 lbs. If the operating back pressure is greater than that rated, the 
machine will have more capacity; if it is operated at a lower back 
pressure, however, its capacity will be much reduced. This explains 
why it is a good plan in an ice cream factory to have two separate 
refrigeration systems, one operating at low pressure to handle the brine 
and hardening room or other extremely low temperatures, while the 
second, operating at a higher back pressure, carries the higher temper- 
atures. This method makes possible a much greater efficiency in the 
handling of the rooms of higher temperature. In actual practice, a 
25-ton refrigeration machine rated at a 25-lb. back pressure and operat- 
ing at 16 lbs, would have only approximately 20 tons’ capacity. 


TABLE LXXXV 


Errect or Back PRESSURE UPON THE CAPACITY 
oF REFRIGERATION MacHINES 


Back Head Capacity | Horse Power 
Pressure | Pressure in Tons per Ton 
5 150 8.40 Tei 
10 150 10.68 1.60 
15 150 12.30 1.40 
20 150 14.70 | 1.30 


The flooded system of refrigeration in brine tanks is much more 
efficient than the plain system, because of the fact that heat is trans- 
ferred much more readily between liquids than between liquids and 
gases. For those who have trouble in holding the temperatures in their 
brine tanks because of insufficient coil surface and are not now using the 
flooded system, its use is to be recommended. 

In connection with the flooded system, however, it is necessary to 
use an accumulator. This is merely a trap which collects any liquid 
refrigerant that may be in the ammonia return line and directs it back 
into the bottom of the refrigerating coil instead of allowing it to pass on 
into the compressor. Its use makes possible a higher operating efficiency 
and reduces to a minimum the danger of liquid getting into the 
compressor, 


REFRIGERATION B41 


Certain known condensable gases, such as air, which may leak into 
the system through stuffing boxes or fittings, and hydrogen and nitro- 
gen, which may result from decomposition of ammonia, tend to accu- 
mulate in the condenser, and unless removed, will occupy space which 
should be used by the ammonia. This causes the head pressure to 
build up and results in inefficient operation. These gases should be 
removed by pumping, which is merely the operating of a vent attached 
to the condenser, or by using a known con- 
densable-gas remover such as is illustrated in 
Fig. 87. (Courtesy York Mfg. Company.) 

Cold-storage Boxes. — Cold-storage 
rooms for ice cream plants might be 
divided into two groups: those of medium 
temperature, used for general cold storage; 
and those of very low temperature, used 
in hardening the ice cream after it has been 
drawn from the freezer. While rooms of 
medium temperature present no special 
difficulties, they should be well insulated 
and, if possible, should be so arranged that 
they surround those of lower temperature. 
Care should also be taken to locate these 
rooms so that they will be as convenient as 
possible. The hardening room _ presents 
several problems because of the low tem- 
peratures involved and the necessity for ; 
building it compactly and at the same Courtesy York Products Company 
time make the handling of the ice cream as Fic. 87.—This Non-condensi- 
easy as possible. Perhaps one of the most ble Gas Remover Automati- 
important factors of the hardening room is nie geeloves js Hol Gases 

: : as : rom the Refrigeration System, 
the insulation. This insulation should be itherchys Dece aeine the Head 
of cork board at least 8 inches thick, and aeties. 
might well be 10 inches unless the room is 
surrounded by other cold-storage rooms, in which case the thickness may 
be decreased somewhat. A common practice is to build the long end 
narrow, with an aisle in the center and shelves on each side. This ar- 
rangement makes the placing and removal of ice cream cans very simple. 
In some of the larger plants, the room is made square and divided into 
long narrow sections similar to the type first mentioned. The room 
should be made no higher than necessary, and, in the case of large rooms, 
the nearer the room approaches a perfect square, the better, since the 
proportional wall area to cubic content is decreased in this manner. 
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The expansion coils are often placed in the cold-storage room itself 
and may form the shelves upon which the ice cream is set. This method 
has certain advantages: namely, those of making possible the placing of 
the large amount of expansion coil necessary and of bringing the cold 
pipe very close to the ice cream which is to be hardened. The direct- 
expansion method of refrigeration is nearly always used in hardening 
rooms. Again, the expansion coils are sometimes placed in a very com- 
pact compartment, the air from the hardening room being circulated 
through these coils and back into the hardening room. This method 
operates quite efficiently and has the advantage of keeping the pipes 
out of the hardening room, giving a neater appearance and a room that 
is more easily kept clean. Another advantage of this system is that, 
because of the action of the fan in moving the air, there is often a better 
circulation of air with correspondingly more uniform temperatures. 

The following factors should be considered in building a cold-storage 
room and are especially necessary in the construction of cold-storage 
rooms in the ice cream plant. First, the room should be strong and 
durable. A reinforced concrete construction, together with cork-board 
insulation, presents one of the best types of construction, as it has both 
mechanical strength and durability. Certain types of insulation, like 
sawdust, should not be used with low-temperature rooms. Second, the 
room should be fireproof. Third, ventilation is important, as a periodic 
changing of the air in the rooms is necessary from the standpoint of 
sanitation and the proper keeping of products. In small rooms, ventila- 
tion is accomplished by the opening and closing of doors, but in the 
large rooms a forced ventilation is necessary. Drainage of floors is also 
essential, especially in rooms that are carried at temperatures above 32° 
F. This is necessary both for carrying off water when cleaning up the 
room and also for disposing of spilled products. Often, drainage is best 
obtained by placing an ordinary trap in the center of the room and 
having the floor slope toward this place. Another method is to have 
the entire floor slope toward the door. Bunkers, which are merely catch 
basins fastened under the expansion coils, should be used in all rooms 
having temperatures above 32° I’., because the moisture which condenses 
from the pipes will be continually dripping down upon the floor of the 
room. Tight doors are necessary for the best results, as cold air will 
leak out of a poorly fitting door or an opening, in exactly the same 
manner in which water would leak out of a tank. Tight doors can best 
be obtained by having the door well made and fitted with a good gasket. 
Windows should not be placed in cold-storage rooms, as they cause 
leakage of air and heat; better illumination can be obtained by the 
use of electric lights, Baffles should be so placed that they assist the 
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natural circulation of air in the room. A very common practice is to 
place them immediately in front of the expansion coils which are 
located on the side walls. It should be mentioned that it is generally 
considered better practice to place the expansion coils near the top of 
the room rather than on the side walls. 

Perhaps the most important feature of a cold-storage room is the 
insulation in the walls. The purpose of most of the refrigeration added to 
a cold-storage room is to overcome the heat which leaks in through the 
walls. The total refrigeration necessary for a room is, first, that neces- 
sary to cool down the products stored; second, that necessary to over- 
come air leaks; and third, and most important, that necessary to over- 
come heat leakage through the walls. This cannot be stopped entirely, 
but the use of good insulation will lessen it. The heat-transferring 
capacity of a wall is usually figured as the number of B.T.U. transmitted 
per twenty-four hours per square foot area per degree F. difference in 
temperature in the two sides of the wall. Insulation material, with 
reference to refrigeration practice, must be a poor conductor of heat, as 
this is its principal purpose. Second, it should not be unstable, like saw- 
dust, for instance, which settles after several years and leaves a portion 
near the top of the wall without insulation. Third, the insulation 
should be waterproof, as there is a tendency for cold objects to condense 
and absorb moisture. Water is a relatively good conductor of heat com- 
pared to insulating materials; therefore, a water-soaked insulation is a 
good conductor of heat and a poor insulator. Fourth, the insulation 
should be tight. Cracks in the insulation allow entrance of air, carrying 
with it moisture which soon freezes and not only makes a fairly good 
conductor but may even pull the insulation out of place. On brine pipes, 
for instance, a small leak may allow air to enter. The moisture accu- 
mulates and freezes until the insulaticn is actually pushed away from the 
pipe, leaving a large opening. Fifth, a fireproof insulation is quite 
important, since it reduces the fire hazard. Sixth, permanency is a 
desirable quality, since renewing insulators is a very difficult and expen- 
sive undertaking. Seventh, insulation should be odorless, as ice cream 
has the property of absorbing odors. Any strong odor would thus cause 
trouble. 

The insulating value of materials is rated according to the number 
of B.T.U. transferred in twenty-four hours per square foot area per inch 
thickness per degree F’. difference in temperature. Table LX X XVI gives 
the conductivity of a number of the more commonly used substances. 

The conductivity of a wall is inversely proportional to its thickness. 
That is, if a wall has 1 inch of cork insulation, its conductivity is 7.4 
B.T.U.; if it were made of 2 inches of cork, the conductivity would be 
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TABLE LXXXvVI * 
THERMAL CONDUCTIVITIES OF VARIOUS INSULATING AND BurLpING MATERIALS 
(Adapted from the United States Bureau of Standards Tables) 


Thermal . 

Material Remarks Conduc- | Density 

; tivity C D 

INOS E babaobboG aos If no heat is transferred by radiation or convection. . 4.2 0.08 
Calorox Hiatiy mineral powders ave «ks case iene ereens 83 4.0 

Kapok Hollow vegetable fibers loosely packed. eh 0.88 
Pure wool RAC OCIA OSIRIA OA TIORS wt cin wicket Coney'O: 0 5.9 6.9 
EAST ehh 0X0) ly ee ear eDCEN MGA ORT CHA Diet OTE OOM ORM tO cane corte wo an otek 5.9 6.3 
Hair felt Fibers perpendicular to heat flow................ 5.9 720) 
fPAbv TA AOLO Lo ned cerca RA or OTRO OOO.are Oo COTS Oen ETO Coo Bion Doo dae mode 6.3 5.0 

SlapawOolanreterscte ssi Loosely Packed akc aeras cide cian ee cuntehhneen ete 6:3 12..0* 
Keystone hair...... Hair felt and other fibers confined with building paper 6.5 19.0 
Mineral wool...... Moosely: packed Se waaorcucrs ch. wie eri eeeanrese 6.5 1250 
‘Cork board...:;...- No artificial binder, low density................. 6.5 6.9 
Mineral wool...... Fibers perpendicular to heat flow................ 6.9 18.0 
Cotton wool....... iIMedturmipsckeds passes ycsictecte areitctere Poni nren rae: 7.0 5.0 

Pureswoolke: seic-lele Very loose packing, probably air circulation through 
miaterial Vertue crcey mera caters nalekeh are ietekene mere nonstameae 70) 2.5 
Tnswlite acme Pressed’ wood pulp. 26 cemearsuacte tee ns) oc) came neers han | 12.0 
Mineral wool.....-. Hirmlyspackedls si wants scauen ea tite ele Sees Cool 2150 
in OLel tpaerels terete teen Vegetable fiber confined with paper. Flexible and 

SOLD a ietercracetaceromeat ote oeealatov aol creveleree es fee cavencee easeane 7.2 eS 
Ground cork....... hesssthan: 1/1 Gian eh seesche acy aicrcucleusenecsyteanae uaeetak atc Taal 9.4 
Cork boardiqn. 1 No artificial binder ad 9.9 
Cork board if. =: No artificial binder 7.4 11.3 
Sil-O=Celie id pis scieie Pulverized. scons se 7.4 10.6 
Resranulated coric= | A\boutic, L6hinchiss . areniessercsc ema cre oeiemiene as LB 8.1 
Balsa wood........ Wery light wood, across eraile nim seinen eee: ot eed 
Balsa woods .ct cs. Same sample with 13% waterproofing compounds... 8.3 8.0 
Cotton seed:hull fiber) Wooselysapacked sina... seis ce cs ait ee tlcin | eee a ae 4.4 
Cabots quilt....... Eel grass enclosed in burlap............+-0+++0-- at 16.0 
TUE DA boas GocmesS Helted vegetable fibersii4 2.00. ce th odin claw en 7.9 11.0 
Mibrotelstrcreeetase Belted vegetabie fibersa.cccc sce. auets ona ek neers aoe 7.9 11-0 
Rock corks jai. <- Mineraliwoolkandibimder, sons 0% oe seme eimai ae 7.9 16.0 
Ceiba wood..2..5.« Across -grain—untreated. .). . oc... s.0 chess wieenns Wes 7.9 4 fen | 
Balsa wood........ ACLOSS PT AIN—UNtTEAteWess cc as nerase seein eee So 7.4 
Burrash wettest Confined Swithicloth war. ws arse ello iaetere crete 8.1 8.8 
Cork board........ Wath bituminous bINGer ix. cicts sowie oleae 8.4 16.0 
Wiood teltstne: a cekere Plextbls paper stock i Misc. << sie wie oe eeecece ohana 8.7 21.0 
Gaithboarde arn. sce Mineral wool, vegetable fibers and binder......... 9.1 12.5 
Balsa wood........ Miediime=werghtcwood cn sencrt ccs ance ai ene 9.2 8.8 
Sawdust........... AVIATLOUS Heys Seta cect isis. eee isd doce OR eee 9.7 12.0 
Pinner saav ines oot. LV ATIOUSs. cle acca, ohare kieaicsePnnaiel prote Sei ee le ee 10.0 8.8 
Wall board........ Stiftmpasteboard ani. cucu eee ec ee 12.0 43.0 
Air cell, } inch..... Corrugated asbestos paper enclosing air spaces... . 11.0 8.8 
Air cell, linch..... Corrugated asbestos paper enclosing air spaces... . 12.0 Sas 
Asbestos paper..... Bult ofothin layers: anna eee eden Gee 12.0 31.0 
Zinitherm ‘| Infusorial earth and asbestos... si 12.0 16.0 
Magnesia 85%.....| Magnesia and asbestos..............00eeveceeee 12.0 19.0 
Msulex ee crc Asbestos and plaster blocks very porous.......... 6 3e45) 18.0 
Sil-©@-Cellssraeictes- et Infusorial earth, natural blocks.................. 14.0 28.0 
SilE@-Celisincectae Infusorial earth, natural blocks............,..... 15.0 31.0 
Balsa wood........ ERG Vik ayavinica rays Sha aie eee ee nn ee er oe 14.0 20.0 
Fire felt sheet...... Asbestos sheet coated with cement............... 14.0 26.0 
Fire felt roll....... Blexiblevasbestosisheet. sick acne nen mene 15.0 43.0 
Cypress ec ee nee INCTOSS: STGily Reva Er ead ee ene 16.0 29.0 
ullenisrearthrwe ere] ocrncttevan tactic pened eis teen tecraa mast sc uel tetee Rn Sea: 17.0 33.0 
Asphalt, roofing..... Helt saturated with asphalt: .c..... 02.5.6 esse euee 17.0 55.0 
White pine........ ACROSS COT AIN tence hee emt ene ake Oe oe 19.0 32.0 
Atsbestossmlleboardsi| co strsurataren toe seerecere reece oooh Oc Lemnos en eee nO aes 20.0 61.0 
IMahogany..2.....- A CROGSURT ALI eerste coro) ain hie eres ne eesti oe ce 22.0 34.0 
Virginia pine....... iN CROSSV EL ALINE ticoritars stele pista Cen ee ee 23.0 34.0 
By Rei encore FACE OSSROT AIL eryersye, a ccainapcharet cee ciataicr ae Ree ee 24.0 38.0 
Via lO apes: yevcct ser crete IN CLOBRSCOT ALIN erie 5 oes tet, ite. eens caesarean 27.0 44.0 
Sole leather........ 26.0 62.0 
Dato oLS) dey, See cn e 29.0 69.0 
extan eer ees ee 28.0 81.0 
White celluloid... .. 85.0 88.0 
Parafineey ce eae 38.0 56.0 
Gypsum pee Lists 56.0 46.0 
Asbestos wood. 65.0 123.0 


ae Cate spaducniieyil in B.T.U. per day (24 hours) per square foot per degree F. per inch 
ickness 
D—Density in pounds per cubic foot. 


* Bowen, J. T., Dairy Engineering, pp. 424-425. John Wiley & Sons, Inc., New York. 
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7.4 divided by 2, or 3.7 B.T.U. The thickness to which walls are 
insulated is an economic question depending upon the difference in 
temperature between the cold-storage room and the outside, or the kind 
of products handled, the cost of refrigeration, and the cost of insulation. 
Platitudinous as it may sound, it is always better to over-insulate than | 
to under-insulate. The walls for a medium temperature difference should 
have a conductivity of 2B.T.U. Walls of a high temperature difference 
should have a conductivity of 1-14 B.T.U. Table LXXXVII shows the 
approximate thickness of insulation which should be used with rooms of 
various temperatures under average conditions; hardening rooms 
excepted. 


TABLE LXXXVII 


RELATION BETWEEN TEMPERATURE AND INSULATION 


Temperature Thickness of 
of Room,° F.  |Insulation, Inches 


—20 to —5 

— Sto +5 

+ 5 to +20 
+20 to +35 
+35 to +45 
+45 and above 


oO 


bow ee OL 


The cost of insulation will be approximately 50 per cent of the total 
cost of the room, although on hardening rooms it may be slightly more. 
Sheet cork, which is a very desirable type of insulation, at present prices 
should cost somewhere in the neighborhood of 10 cents a board foot. 
Moulded-cork pipe covering for 1l-inch pipe should cost from 60 to 
75 cents a running foot. 

For various types of work, the following kinds of insulation may be 
used: for walls and flat surfaces, slab cork or, as commonly called, cork 
board; for pipes, a moulded type of insulation which fits the shape of 
the pipe very closely; for brine tanks, granulated cork. 

In the application of insulation, the following points should be con- 
sidered. If the insulation is of a granular structure, it should be well 
packed so that it will not settle. Second, any type of insulation should 
be made absolutely waterproof. Waterproofing can best be done by 
setting the material in hot asphalt or in a waterproof cement, or by the 
use of waterproof paper. Asphalt is not as good as waterproof Portland 
cement for places in which the walls may become heated from the sun 
or from too close proximity to the boiler rooms, as the material has a 
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tendenéy to melt and settle to the bottom, leaving an open place above. 
The finishing coat of a cold room may be a heavy coating of waterproof 
paint or a cement plaster which has been waterproofed. The latter 
makes a very sanitary and satisfactory finish if properly made. Insula- 
tion should be fastened on to the walls and ceilings very firmly, to pre- 
vent bulging and cracking, which would eventually destroy the insula- 
tion. All joints should be wrapped or offset in order to prevent air leaks. 


BRINE 


Brine is a mixture of salt and water. The salt is usually sodium 
chloride or calcium chloride. The latter is more often used in the ice 
cream plant because it gives a brine with a lower freezing point. Other 
mixtures, such as alcohol and water, are used in some installations. 

Brine is used, first, because it will store up refrigeration; second, 
because it will transfer heat at low temperatures from one cold body to 
another; and third, because it may be used where ammonia leaks would 
be dangerous. 

Properties of Brine.—The freezing point of brines is affected by the 
concentration, that is, by the percentage of salt dissolved in the brine. 
If the specific gravity is increased certain properties of the brine are a 
affected. Tables LXXXVIII and LXXXIX, which show the proper- 
ties of calcium chloride brine and sodium chloride brine, illustrate these 
points. Practical use is made of this fact; by merely testing the strength 
of the solution, such properties of the brine as its freezing point and its 
specific heat may be accurately determined. Different scales of hydrom- 
eters are commonly used. The first is the specific-gravity hydrometer. 
This gives a reading which is a certain percentage of the weight of 
distilled water per unit volume. The second is the Baumé hydrometer,?” 
which has an arbitrary scale. The same tables show the relationship 
between the various readings. It should be noted that the hydrometer 
reading is affected by the temperature of the solution as it is tested. 
As the tables are given for 60° F., either the brine should be brought 
to this temperature or a suitable correction factor should be made, as 
shown in the table. Note also that the specific gravity and Baumé 
readings may be readily converted one to the other by the use of the 
following formula: 

145 
145 — Baumé 


Specific gravity = 


* Applicable to Baumé scale for liquids heavier than water. The third type of 
hydrometer is known as the salometer. One scale is used for sodium chloride brine 
and one for calcium chloride. 
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Conversely, 
145 
Degrees Baumé = 145 — ee 
Sp. er. 
TABLE LXXXVIII 
CaLcIumM CHLORIDE SOLUTION 
Pounds 
Degrees Specific Degrees Per Cent CaCl. Freezing Specifi 
Baumé, Gravity, Salometer, CaCly per Gallon Point, ; Pron c 
60° F. 60° F. 60° F. by Weight | of Solution oF. oat 
(Approx.) 
0 1.000 0 0 0 32 0 1.00 
TO 1.007 4 LSet he jl gahs tate Mon rs ol 21 0.99 
2.1 1.015 8 Pa tl | Cee ae een 30.4 0.97 
3.4 1.024 12 3 z 29.5 0.96 
4.5 1.032 16 ese aoe 28.6 0.94 
Didi 1.041 22 eT arch oes 27.7 0.93 
6.8 1.049 26 6 1 26.6 0.91 
8.0 1.058 32 i pk So ai beecc taro deus ahs 23D) 0.90 
Oa 1.067 36 Sis Ih es sei 24.3 0.88 
10.2 1.076 40 9 13 22.8 0.87 
11.4 1.085 44 Oe Nel tse 21.3 0.86 
T2205. 1.094 48 Be ee ee |e oe eee 19.7 0.84 
13m 1.103 52 12 2 131 0.83 
14.6 1,112 58 US mee Seca eoeree 16ns 0.82 
1526 Lei2) 62 i See Yleie Wear Sense owen 14.3 0.815 
16.8 te eg 68 15 243 12.2 0.795 
17.8 1.140 (3 ee Ral na contectin ORG 10.0 0.78 
19.0 as! 76 Lie oN eas Rieo ees dae On7TZ 
20.0 1.160 80 18 3 4.6 ON%a5 
21.0 1.160 84 pee: Oe Pe ree =m ew 0.74 
22.0 1.179 88 20 ine wale vepre cree — 1.4 0.7 
23.0 1.188 92 21 3y 4.9 0.72 
24.0 1.198 96 Dei cen |My (Xara Sanerers 8.6 0.71 
25.0 1.208 100 23.0 lh” Gara tees ae TL6 0.70 
26.0 1.218 104 24 4 i Wy es | 0.69 
27.0 1.229 108 DET © Dee tecteeredens 21.8 0.685 
28.0 1.239 112 26) lis Sze aes 27.0 0.68 
29.0 1.250 116 27 43 32.6 0.67 
30.0 1.261 120 DSP alli eaters 39.2 0.665 
31.0 1.272 124 29 aE ea etacaere 46.2 0.66 
32.0 1.283 128 30 5 —54.4 0.65 
TABLE LXXxIx 
Soprum CHLORIDE (SALT) SOLUTION 
Degrees | Specific | Degrees | Pounds of | Pounds of | Percent- Weight 
Baumé | Gravity | Salom- Salt per Salt per age of Freezing Specific per 
at at eter at | Gallon of Cubic Salt by | Point, °F. Heat Gallon 
60° F. 39° F. | 60° F. Solution Foot Weight at 39° F. 
1 1.007 4 0.084 0.628 1 31.3 0.992 8.40 
2 1.015 8 0.169 1.264 2 29.3 0.984 8.46 
3 1.023 12 0.256 1.914 3 27.8 0.976 8.53 
4 1.030 16 , 0.344 3.573 4 26.6 0.968 8.59 
5 1.037 20 0.433 3.238 5 25.2 0.960 8.65 
6 1.045 24 0.523 3.912 6 23.9 0.946 8.72 
ve 1.052 28 0.617 4.615 a 22.5 0.932 8.78 
8 1.061 32 0.708 5.295 8 21.2 0.919 8.85 
9 1.068 36 0.802 5.998 9 19.9 0.905 8.91 
10 1.076 46 0.897 6.709 10 18.7 0.892 8.97 
12 1.091 48 1.092 8.168 12 16.0 0.874 9.10 
15 TREN 60 1.389 10.389 15 12.2 0.855 9.26 
20 1155 80 1.928 14.421 20 6.1 0.829 9.64 
24 1.187 96 2.376 17.772 24 ee 0.795 9.90 
25 1.196 100 2.488 18.610 25 +0.5 0.783 9.97 
26 1.204 104 2.610 19.522 26 —1.1 0.771 10.04 
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A brine-testing outfit should include a thermometer for measuring 
the temperature, a hydrometer for measuring the specific gravity, and a 
eraduate or flask for holding the brine. The specific heat of brine, or, in 
other words, its heat-absorbing capacity per unit weight, decreases with 
an increase in the concentration. This is a disadvantage which cannot 
be avoided, and in calculating the heat carried by brine, it should also be 
considered, 


PROBLEMS SHOWING HEAT CARRIED BY BRINE 


Problem 1.—Find the heat absorbed in one minute by 200. gals. 
of calcium chloride brine of a density of 1.218, when the temperature 
rise is 4° F. 

Solution: B.T.U. transmitted = weight of brine pumped per minute 
times specific heat, times temperature rise. 

1 gal. of brine of the specific gravity of 1.218 weighs 8.34 times 
1.218 = 10.15812 lbs. 

The specific heat of calcium chloride brine of the density 1.218 = 
0.69. 

Therefore, B.T.U. absorbed = 10.15812 X 0.69 X 4 X 200 = 5607.20. 

Problem 2.—Find the available refrigeration stored in a 6000-gal. 
brine tank if the maximum allowable temperature rise of the brine is 
10° F. and the density of the brine is 1.218. 

Solution: Available refrigeration = weight of brine times specific 
heat times temperature rise. 

Available refrigeration 


= 6000 X 10.15812 & 0.69 X 10 = 420,546.168 B.T.U. 


The sodium chloride brine is made from sodium chloride, which is 
common salt. A saturated solution contains 2.488 lbs. of salt per gallon, 
and the freezing point of the 25 per cent by weight solution is + 0.5° F. 
A 29 per cent solution gives a freezing point of — 4.7° F. Sodium 
chloride brine is less expensive than most other brines and is very com- 
monly used on temperatures that are not lower than 5 or 10° F. It is 
quite corrosive to certain metals. 

Calcium chloride brine is made from calcium chloride, having the 
chemical formula CaCly. This salt is produced as a by-product of the 
manufacture of chlorine and also by other methods. It has a very great 
affinity for water, and on this account is often used for controlling the 
humidity of cold-storage rooms. Small pans of the salt set about in the 
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room will absorb moisture from the air. The salt may be obtained in 
rock, granulated or flake form. It is always kept in an air-tight con- 
tainer, as otherwise it will absorb moisture from the air and go into 
solution. The granulated or flaked form is more easily and quickly 
dissolved, but otherwise has no advantages over the rock form and is 
slightly higher in price. Calcium chloride often contains impurities, 
and the best calcium chloride contains approximately 75 per cent cal- 
cium chloride and 25 per cent water, by weight. This weight of the 
water should be allowed in making up brines. Practically all other 
impurities in the salt are undesirable, as they tend to increase corrosion 
of the brine lines. The principal impurity found is magnesium. A 
saturated solution of calcium chloride brine contains 30 per cent salt by 
weight, has a specific gravity of 1.283, and freezes at — 54° F. The 
principal advantages of this kind of brine are that it will withstand very 
low temperatures and may be made practically non-corrosive by certain 
forms of treatment. It should always be kept away from contact with 
air in order to prevent absorption of moisture. 

Alcohol and water are used in certain types of ice cream cabinets as 
a brine. A concentration should be kept within the proper limit, just as 
with any other brine, in order to prevent freezing. Since alcohol 
evaporates readily, the brine should be tested more frequently than one 
of the calcium chloride or salt variety. Table XC shows the strength 
and freezing point of the several solutions of alcohol and water, 


TABLE XC * 
Tue FreEzinG Pornts AND SPECIFIC GRAVITIES OF CERTAIN ANTI-FREEZING 
SCLUTIONS 
Percentage (by Volume) in Water, and Freezing Points 
Solution 
10 per cent 20 per cent 30 per cent | 40 per cent | 50 per cent 
eC; Cin ya On Ge SoBs aly os STs alll SALCE Wed SaCOL cans 
Denatured Alcohol....... -—3 +27|—-7 +19] —12 +10} —19 —2}] —28 —18 
(QOU%srby -vVOl.)i-caters cic (0.988) (0.978) (0.968) ( 0.957) (0.943) 
Wiood'alcohol, ..2...-...< -—5 +23) —12 +10) —19 —2|—29 —20] —40 —40 
(OMZZubiyaviOl.) smcciarrants (9.987) (0.975) (0.963) (0.952) (0.937) 
Distilled glycerine....... =2 +29] —6 +21] —11 ea2i| = 18 0) —26 —15 
(O59 by owt.)nee ses (1.029) (1.057) (1.085) LE a2) (1.140) 
Ethylene glycol......... -3 +26) -—9 +16} —16 +3) —24 —11) —35 -—31 
(O59) Dy: wit) eactereictsne- (1.016) (1.031) (1.045) (1.058) (1.070) 


* U.S. Bureau of Standards. 
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In any brine tank, it is necessary to have good agitation in order to 
get efficient results from the plant. Without it, the heat transfer is very 
slow. Several different methods are used for producing agitation. The 
most common method is to use a propelling type of agitator driven by 
an electric motor. This may be placed in one end of the tank; by means 
of suitable baffles, a good circulation can be established. Another method 
is to use a pump which draws the brine out of one side of the tank and 
puts it in at the other. By proper agitation, the heat conductivity of 
the coils in the brine tank may be made practically twice as great as it 
would be with a still brine. 

Corrosion of the Brine Tank.—In many plants considerable trouble 
is experienced through corrosion of pipes and tanks connected with the 
brine system. This may result in the eating away of pipes, the stopping 
up of pumps, or the corrosion of the coils and tanks themselves. The 
importance of the problem can be realized when it is considered that 
many of the large organizations of engineers and chemists are taking 
this as one of their principal problems. Its importance is also 
emphasized by the fact that practically no plant is entirely free from 
its destructive action. The cost of replacement of materials is not the 
only cost, since the labor involved very often amounts to more than 
the cost of the materials themselves. A considerable amount of work has 
been done along this line, and investigators have come to the conclusion 
that the corrosion is caused by electrolytic action, which is very similar 
to that which goes on inside of batteries. There are a number of factors 
favoring this action in the brine tank. If these can be controlled, the 
corrosion can be very largely prevented. This may be illustrated by 
placing in an electro-chemical battery two dissimilar metals in a solu- 
tion which is slightly acid or basic in its reaction. One of the metals 
will go into solution, with a resulting formation of oxygen and 
hydrogen. If the brine gives a slight acid reaction or a strong alka- 
line reaction in a brine tank, for instance, a similar chemical reaction 
takes place between the various kinds of metal with which tho 
brine is in contact. There is a gradual wasting away of one of them. 
Though the pitting may extend over a large area, it may, on the other 
hand, be confined to a small one. There are several ways in which 
this action can be prevented. First, the brine may be prevented from 
becoming acid. An acid brine reacts much more readily than a neutral 
or slightly alkaline one. Second, the brine system may be built by 
using only one metal, and that as pure as possible. When the first method 
is used, the acidity of the brine is caused principally by the absorption 
of air. The brine, therefore, should not be allowed to spray through the 
air at the time of its return to the tank; furthermore, the top of the 
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tank should be covered. Air should not be bubbled through the brine 
in order to produce agitation, as is sometimes done. From the stand- 
point of corrosion, this is the worst possible thing that could be done. 
Acidity may be detected by the use of litmus paper, which will turn red 
if the brine is acid; or phenolphthalein solution, which will remain 
colorless if the brine is acid but will turn pink if it is alkaline. The 
acidity or alkalinity of the brine is often expressed as a pH constant. 
A brine having a pH 7 is neutral, while one having a pH 6 or 5 is acid, 
and one having a pH 8 or 9 is alkaline. The curve in Fig. 88 shows the 
relative rates of corrosion of brine with respect to the pH constant. 
From this curve, it is evident that for best results the pH should be kept 
as near 7 as possible. This means, of course, that the brine should be 
nearly neutral or slightly alkaline. Brine should be tested every few 
weeks and, if found acid, should be corrected by the addition of a small 
amount of lime water or a weak solution of sodium hydroxide or caustic 
soda. If lime is added to the brine, it should be well mixed in the form 
of a thick liquid or slurry, and should be poured into the tank at a point 
where the agitation is good. If lime is poured into the tank in powdered 
form it has a tendency to settle to the bottom and form a deep sludge; 
if added by means of a bag hung in the brine, the bag will become coated 
over with crystals, thus preventing the lime from going into solution. 
Figure 89 shows the effect of the density upon the oxygen-absorbing 
capacity of brine, which in turn regulates to a large degree the acidity. 
It is apparent that the rate of corrosion can be very materially decreased 
by maintaining the brine at high density. It may be further mentioned 
that, from a number of brine systems which have been studied, the 
open brine systems were found to be 80 per cent oxygen-saturated, while 
the closed were only 20 per cent saturated, thus STONER a the 
advantage of using the latter. 

From a study of the effect of the metals out of which the brine system 
is constructed, investigators have found that a pure grade of cast iron 
is quite resistant to corrosion. Ordinary steel fittings are very quickly 
attacked, and zine is also readily dissolved by brines. There is an 
advantage in using zinc, however, especially in connection with salt 
brines, for it will go into solution more easily than iron, and thus as long 
as there is zinc available, the iron will not be eaten away. Use is some- 
times made of this property by attaching a bar of zinc to the metal of 
the tank. Tin has exactly the opposite effect. Since the iron will go 
into solution more quickly than tin, tinned iron is not as good as gal- 
vanized for use in contact with brine. 

Iceless Cabinets.—The iccless cabinet has lately come into extensive 
use for holding ice cream at low temperatures. It is nothing more than 
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a small, complete refrigeration plant connected to an insulated brine 
tank which surrounds the ice cream compartments. The cabinets are 
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made in sizes from 2-hole capacity up to 10 or 12; and in some eases 
have been built to maintain more than one temperature. The machines 
are entirely automatic in operation and are driven by an electric motor 
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which is started and stopped by thermostat switches to maintain 
a practically uniform temperature is maintained. The compression 
type of refrigeration machine is used almost exclusively; the refrigeration 
may be ammonia, sulphur dioxide, methyl chloride, or some similar 
material. Sulphur dioxide and methyl chloride are most commonly 
used at this time. These refrigerants have the advantage of a low 
condensing pressure. The brine tank is usually of seamless sheet iron 
or copper, surrounded by 2 to 4 inches of cork board set in hyrolene or 
asphalt waterproof material. Since sulphur dioxide gas forms a corro- 
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sive acid in the presence of moisture, care should be taken to prevent its 
entrance into the system. 

The expansion coil differs somewhat from that in the large refrigera- 
tion machine in that it is more in the form of a “water-tube”’ boiler, 
which is submerged in the brine tank. It operates upon the flooded 
principle, which means that the tubes are at all times filled with the 
refrigerant, and that the level of refrigerant in the boiler is automatically 
maintained by a suitable float valve or by an expansion valve. The 
float valve is the most popular type. Figures 90, 91 and 92 show the 
detail of construction of a typical iceless cabinet. The refrigerant used in 
an icelesss cabinet may be condensed by cooling with water or with air. 

-The air-cooled machine is somewhat simpler in construction, has fewer 
parts to get out of order, has less up-keep expense, and is more easily 
moved from place to place than the water-cooled machine. For these 
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reasons it is the most popular in places where the air temperature does 
not reach much over 100° F., and it has been successfully used even in 
the warmest localities, such as the Imperial Valley in California. The 
electrical energy consumed is slightly greater than in a water-cooled 
outfit, but this is more than overbalanced in most circumstances by the 
other factors. The water-cooled cabinet must have an automatic water- 
regulating valve, which is turned on and off when the machine starts 
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Fic, 90.—Cutaway of Air-cooled Self-contained Cabinet. 


and stops, and must be supplied with connections toa water line. 
If the water pressure should go off, a high pressure will be built up in 
the machine, and it will either stop or cause trouble by blowing out 
gaskets or bursting a pipe. Special controls are always installed on the 
machine to turn off the power under these conditions; very little 
trouble has been experienced in so far as damage to the machine is 
concerned. 
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The cost of operation of a 4-hole cabinet, water-cooled type, is not 
excessive. Tests conducted at the University of California showed an 
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Fic. $1.—Cutaway of a Water-cooled Self-contained Cabinet. 
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‘ 


Fia. 92.—Cutaway of Air-cooled Iceless Cabinet. 


‘average power consumption of 2.6 kilowatt-hours per twenty-four-hours, 
The air-cooled type is practically the same. 
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POWER 


In selecting the type of power for use in an ice cream plant, the fol- 
lowing points should be considered: first, cost of operation; second, 
reliability; third, effect on sanitation; and fourth, flexibility. 

From the standpoint of cost, if large steam boilers are used for heating 
and processing, the power can be generated as a by-product of the 
heating, since practically all of the heat which enters a steam engine is 
carried out in the exhaust steam and may be used for, other purposes 
after it has given up its power. Gas engines may be used in many 
places where sufficient steam is not available. The heavy-oil Diesel 
type of engine is very economical to operate, and with proper care 
should last for many years. Electrical power may also be used. In 
many places it is more economical to purchase the electrical energy 
directly from power companies than to generate it at the factory. 
Even though steam or gas engines are used for power, it will most often 
be desirable, especially with a plant of large size, to transform the power 
into electrical energy and use and electric motor drive for the individual 
machines. Since steam and gas engines would require so much space 
to cover all details, the reader is advised to csnsult the references given 
at the end of this chapter for further information regarding their use. 
Electric motors, however, are so commonly used, and their care and 
operation is so simple, that some space will be given to them. 

Selection of Electric Motors.—The three-phase, squirrel-cage type of 
electric motor is perhaps the most satisfactory one for general purposes 
in ice cream plants. It is extremely simple, has only one moving part, 
and is easily protected from moisture by a ventilated cover. Three- 
phase motors have high efficiency and good starting power. They must 
be operated on three-phase circuits. Single-phase motors are more 
expensive, are not quite so efficient, and are more difficult to protect 
from moisture, since they employ brushes and a commutator or a con- 
tactor. Their principal advantage is that they can be used on single- 
phase lines. Practically all power lines to-day are three-phase. The 
single-phase motor is often used in the small fractional horse-power sizes 
on account of the simplicity of its wiring. A very satisfactory motor of 
this type is the repulsion-induction motor, which has very good starting 
power and is efficient. 

The synchronous motor is a special type of motor which can raise 
the power factor of the system; it has very high efficiency. Synchronous 
motors are used in sizes of 50 horse-power and larger, and are becoming 
quite popular for driving refrigeration machines directly connected.3 

3 The power factor is the percentage given by dividing the true power carried by 
an electric line by the apparent power. It is found by dividing the watts, as measured 
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Whatever the motor selected for use in an ice cream plant, it must be 
first of all, of the proper size: that is, it must handle the load under all 
normal conditions and must have sufficient starting torque to bring the 
load up to full speed. 

The second consideration should be that of ruggedness and reliability. 
The motor should be of as simple construction as possible and have 
great reliability and strength. In the third place, it should be able to 
resist the high moisture conditions under which it must work, and 
fourth, the reliability of the manufacturer must be taken into considera- 
tion. Repairs and service should be available within a reasonable dis- 
tance. It is well to make use of the manufacturer’s services for any 
special problem which may present itself. 

Care of Motors.—Lubrication of bearings is most important. 
Perhaps 90 per cent of motor troubles can be traced to failure of the 
bearings, which is nearly always due to lack of proper lubrication. 
A periodic or weekly inspection of all bearings, therefore, is essential. 
The manufacturer’s directions should be followed explicitly, particu- 
larly regarding the proper type of oil to use. A medium-bodied or 
light mineral oil is recommended for general use with electric motors. 
Hardly less important than lubrication is the care of connections to 
the motor. A loose connection not only causes lack of power but may 
cause the motor to burn out by throwing all of the load on one set of 
wires. All connections should be soldered or bolted together securely 
with lugs, and then taped, first with rubber tape and then with friction 
tape. All exposed wiring should be carried in conduit to protect it from 
mechanical injury and from being splashed with water. The rigid con- 
duit is better than the flexible, because it is more nearly waterproof. 

A third consideration should be the protection of the motor from 
moisture. The greatest enemy of electricity is moisture, and since there 
is so much of it about an ice crear plant, special precautions must ‘be 
taken to prevent trouble, as it frequently causes shorts and grounds. 
It is practically impossible to build the ordinary motor in such a way 
that it is entirely waterproof, although the three-phase motor will 
withstand considerable moisture. It is advisable to use hoods or shields 
over all electrical equipment. A good type of hood is shown in Fig. 93. 
This shield allows ventilation, which is very important in keeping the 
by a wattmeter, by the product of volts times amperes. This applies only to alter- 
nating-current lines and is of importance, since lines operating at low power factor 
must carry a larger current, in order to transmit a given amount of power, than would 
a line which has unity power factor. 

( Watts 
Volts x Amperes 


= Power Pactor) 
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motor cool and dry. Some motors are built with specially protected 
windings enclosed in a waterproof substance. These have given good 
service under actual commercial conditions. Completely enclosed motors 
are sometimes used, but trouble is frequently experienced from over- 
heating. Motors may be located on a raised block or on the wall 
where they are not apt to come in contact with water. It is never 
a good policy to set a motor directly on a floor that sometimes has 
water on it. Motors that have become water-soaked and grounded 
should be dried out by baking in an 
oven for twelve hours at a temperature 
of 150° F.; or, if the motor is too 
large to move, it may be dried out by 
passing an electric current through the 
windings while the rotor blocked. It 
is very important to control accurately 
the amount of current going through 
Fi. 93.—A Simple Type of Ventila- the windings, as there is great danger 
ted Motor Hood Prevents Moisture of running too much current through 
from Injuring Motors. the motor and burning it up. It isa 
good policy to dry out motors thoroughly 
once every year and to spray them with a good insulating and water- 
proof paint, being particularly carful to cover the windings. 

Loading of Motors.—The proper loading of motors is one of the 
greatest factors in their economical and successful use. Over- 
loading is expensive and dangerous because of the possibility of 
burn-outs, while underloading is expensive because of the greater 
first cost of equipment and because of lower efficiency in operation. 
A loss in efficiency of from 4 to 8 per cent is found in many motors 
when the load is reduced from full to half. The average motor has the 
ability to carry momentary overloads of 50 per cent without injury. 
The limit of load is really determined by the heating of the motor. In 
a system in which there is a low power factor or low voltage, a motor 
will not carry as great a load as under normal conditions. It is the 
average load and not the peak load which determines the size of motor 
to be used, that is, provided there is no momentary overload sufficient 
to stall the motor. In all cases where there is doubt, it is advisable to 
check up the actual requirements of a machine before determining the 
size of motor to buy. It is always better to use a motor that is too large 
than one that is too small. 

The University of California has conducted an investigation covering 
a large number of ice cream freezers and found that the average power 
consumption for freezers of 40-qt. brine type was 2.12 horse-power when 
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freezing under regular commercial conditions. There was a considerable 
difference, however, in the power consumption of different types of 
machines. Table XCI shows the power consumption of two dif- 
ferent types of machines of the same capacity. The vertical machine 
used a high-speed, squirrel-cage type of dasher, a fact which accounted 
for the high power consumption. The point to be considered is that there 
is a difference in the power consumption of various types of machines 
and that no one size of motor will be most efficient for all different types. 
The investigation showed that the energy consumed by each batch of 
ice cream frozen varied from .522 to .279 kilowatt-hours, depending upon 
the type of machine. 


TABLE XCI 


VARIATION IN Power REQUIREMENTS OF FREEZERS AS CAUSED BY 
VARIATION OF SPEEC AND Tyre oF DASHER 


| 
Speed of | Minutes | Average} Maxi- 
Type of Freezer Dasher to HP mum 
R.P.M. | Freeze eae els Bs 
Vertical (Squirrel Cage Beater)............ 225 12481) 43230 4.69 
Horizontal (Paddle Dasher with Blades).... 165 2S 1.83 2.66 


Electrical Accessories.—There are certain electrical accessories which 
must be used in the ice cream plant and which must be properly selected. 
A switch or starting box is required with every motor. Switch boxes 
are used with most motors below 75 horse-power, while starting boxes 
which reduce the voltage at the time of starting a e used with those 
above 74 horse-power. The switch should be safe, easily operated, and 
large enough to carry the current needed by the motor. It should break 
the circuit quickly and with a minimum of sparking; otherwise trouble 
will be had from burning contact points. Totally enclosed switches 
should be used, as they are more nearly waterproof and protect the 
operator. Some switches are turned on and off by hand-operated levers, 
while others are operated merely by pushing a button. The latter type 
is preferable, because the starting and stopping button may be placed 
on the machine near where the operator stands, and thus save time. 

~The switch itself may be placed high up on the wall out of the reach of 

moisture. Safety switches are those that cannot be opened while the 
power is turned on and cannot be turned on while they are open, thus 
eliminating the danger of shocks to the operator. 
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Selection of Fuses.—The proper fusing of electric lines is of great 
importance, for it is to the electric line what the safety plug is to the 
steam boiler. A fuse contains a small strip of metal which melts out 
when a current greater than a predetermined amount is passed through 
it. This breaks the circuit and stops the flow of electricity. The practice 
of placing pennies, wires, or nails in fuses so that they will not burn out 
is dangerous and might be compared to the practice of placing a steel 
plug in the place of the safety plug on a boiler. The result may be a 
burned-out motor, a burned-out line, burned-out wires, or possibly a 
fire. Figure 94 shows four types of fuses commonly used on motor and 
light circuits. 

No. 1 is the plain plug type of fuse which is used mostly in light 
circuits and is made in small sizes. No. 2 is the plain cartridge type, 
such as is used on lighting and motor circuits in size from 3 amperes up 
to 400 or more. No. 3 is a time-limit fuse, which is used very largely 


Fic. 94.—Different Types of Fuses are Available for Various Purposes, 


on motor circuits. The last has the advantage that it will not burn out 
on a momentary overload like the ordinary fuse, yet if the overload 
continues for a considerable time, it will burn out and protect the motor. 
No. 4 is a removable link fuse. 

The size of fuse selected should be such that it will carry no more than 
the maximum safe carrying capacity of the circuit on which it is to be 
used. Fuses are rated according to the number of amperes of current 
they will carry and are not affected by changes in voltage, within certain 
limits. For instance, those which can be used on 110 volts can ordinarily 
be used on a 220-volt line. Those of higher voltage are usually of some- 
what different construction. Fuses for motors should be selected with - 
special reference to the type of load and motor with which they are to 
be used. This is because motors draw a heavy starting current for only 
a short time, which would burn out a plain fuse small enough to afford 
protection against a continuous running overload. Many times, if 
plain fuses are used, one set will be installed to care for the starting load 
and another for the running load. The “starting” fuses should be rated 
at approximately 200 per cent of the name plate amperage of the motor 
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with which they are to be used, while the “running” fuses should be of 
115 to 125 per cent of the name plate amperage. Time-limit fuses will 
usually be of either the same as or 110 per cent of the name plate 
amperage of the motor. They are much superior to the plain fuses, 
since they carry an overioad for a certain length of time without “burning 
out” and will thus care for the starting load and at the same time give 
running protection. 

With large motors and on certain types of equipment, overload relays 
take the place of fuses and open the circuit in case of overload. These 
are of two general types. The thermal overload relay opens the circuit 
by means of a small blade which is bent to one side when heated by the 
current to a certain predetermined temperature. The magnetic overload 
relay opens the circuit by the action of a plunger, which is raised by the 
pull of the magnet when a predetermined current value is exceeded. 
Relays can be easily adjusted to operate at the proper point. 

Lighting for the Ice Cream Plant.—Sufficient light is necessary in the 
ice cream plant in order to make efficient use of labor, to make possible 
better health of workers, and to provide more sanitary conditions. The 
proper intensity of lighting for dairy plants, as recommended by illum- 
inating engineers, has been set at a value of 4 to 8 foot candles. A 
simpler method of arriving at approximately this value is to allow 
approximately 1% watts’ lamp capacity per square foot of floor area. 
Light-colored walls will greatly increase the efficiency of lighting and 
are found in a large percentage of ice cream plants. The selection and 
placing of fixtures is of considerable importance, and the services of an 
illumination expert should be obtained in this connection. In general, 
for factory conditions, the porcelain enameled type of reflector has been 
found very good, as it has high powers cf reflection, is not easily broken, 
is cleaned without difficulty, and is inexpensive, Electric lamps of the 
proper voltage should be selected, since those under voltage will have a 
short life while those of higher voltage will be inefficient. The normal 
life of an electric-light bulb is 1009 hours; it should be replaced at this 
time if the best lighting efficiency is desired. The pilot light is a very 
desirable signal for use in connection with cold-storage rooms and other 
places where a tell-tale light is needed for indicating to the operator 
that certain electric circuits are on. 

Heating with Electricity—Electrical energy has been used success- 
fully for heating where it is not expensive. It saves considerable labor 
and offers better control of temperatures than other methods. It has 
certain advantages of cleanliness which are important in laboratory 
use and in some forms of process work. Electric heating units are 
100 per cent efficient, and if proper insulation is used with them, a higher 
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over-all efficiency can be obtained than when using coal or oil. One 
kilowatt-hour will produce 3415 B.T.U. 


PUMPING 


An ice cream plant uses many pumps and often a number of different 
types. Each of the three principal types of pumps has certain advan- 
tages. The plunger or piston type pump is quite simple in construction, 
is positive in action, and has a fair efficiency. A positive pump, if the 
discharge valve is closed, will build up pressure to the bursting point or 
until the belt slips, if it is belt-driven. It has the disadvantage of requiring 
valves and a stuffing box. These make it more difficult to keep in repair 
than some other types. It also gives a pulsating pressure if operated 
slowly. The second type of pump is a rotary displacement pump, in 
which the teeth of a special type of gear act as small pistons and thereby 
do the pumping. The Viking pump is a good example of this type. 
This pump has the advantage of delivering a steady non-pulsating pres- 
sure and may be directly connected without difficulty. A rotary pump 
requires only one stuffing box, has no valves, and is also a positive type. 
It is apt to become noisy and inefficient, however, after it becomes worn. 
There are other types of rotary pumps which employ blades and rotary 
valves instead of gears. The third type depends upon centrifugal force 
for its action and is known as a centrifugal pump. It is primarily a high- 
speed pump and is usually connected directly to the motor shaft. The 
advantages of the centrifugal pump are that it is very quiet in operation, 
it gives a non-pulsating pressure, it may be connected directly to motors, 
and its original cost is low compared to that of other types. Further- 
more, on brine lines, for example, the discharge valve may be closed 
without danger of breaking the pump or pipe lines. However, if the 
valve is allowed to remain closed for any length of time, the packing 
may heat and be burned out. The disadvantages of this type of pump 
are, first, that it is not efficient under variable heads, unless its speed 
can be changed; second, that it must be primed each time before 
starting, if it is situated above the liquid which it is to pump; third, that 
it will not pump against high pressure unless it is of multi-stage con- 
struction. The efficiency of centrifugal pumps varies from 35 per cent 
for small, low-capacity pumps, to 75 or 80 per cent for large units. The 
capacity of the centrifugal pump is affected by the speed of the pump 
and the head against which it is pumping. Manufacturers usually rate 
their pumps from the size of the discharge opening, using a velocity of 
10 feet per second for the rate of flow of water. Thus, to find the 
capacity of a pump having a discharge pipe whose area is 2 square inches, 
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the volume pumped per minute would be 2 X 10 X 12 X 60 divided 
by 231. A simpler formula for computing the capacity of a centrifugal 
pump is: Gallons per minute equals 98 X R2, where R equals the radius 
of the discharge opening in inches. 

Power Requirements of Pumps.—-The power required for pumping 
depends primarily wpon two factors, the weight of liquid to be pumped 
and the height to which it must be raised from the source of supply to 
the point of delivery. In addition, there is required power to overcome 
mechanical losses in the pump, friction in the pipe lines, and the velocity 
head needed to give the water motion, since it takes a certain amount of 
energy to give motion to a body starting from rest. 

The theoretical or water horse-power required is given by the 
formula: 


Wt. of liquid per min. in lbs. X Height pumped in ft. 


HLP. = 
33,000 


Since this formula does not take into consideration any of the losses, 
a different formula is necessary for calculating the actual power 
necessary. 
We gee 
"33,000 X E 
W = Wt. of liquid pumped per min. 
H = Total head in feet 
E = Efficiency of the pump. 


igh 


In the fermula above, 7 and # are different from the first formula. 
E, being the efficiency of the pump, will vary from 0.35 to 0.80 with an 
average value of perhaps 0.50. (Note that the efficiency is expressed as 
a decimal.) H, or the total head, is made up of the following: 

(a) Lift head, or height the water is raised above the center of the 
pump. 

(b) Suction head, or height water is lifted from below the center of 
the pump. 

(c) Velocity head, which is the energy required to give the water its 
momentum—changed to read in feed head ordinarily neglected in small 
systems. 

(d) Friction head, which is the resistance of the pipe, fittings, valves, 
etc., changed to read in feet head. In other words, the resistance of 
100 ft. of 1-in. pipe to the flow of 10 gals. per minute (G.P.M.) of water 
is the same as if the water were raised 8.4 ft., and, therefore, this much 
must be added to the total head against which the water is pumped. 
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A eae litte 3.450 1.1388 6394 2254 .046 .0161 
AUD he Stes ibe aeaonts ibaa .989 .8419 .0736 .023 
(JURE AE Sey area (llama ees 2.553 1.426 .506 .1012 0345 
AOE Mest Wectereeie 10.48 3.49 1.978 .6992 .188 0483 
SOP eA] fee ee aw lees: Sears? 4.55 2.553 .9016 . 184 .0621 
OOS seme 17.48 Dato Oma: 1.150 .239 .0805 
OO eke ee ocean ce: 7.084 3.95 1.40 294 .0989 


Weight of water per gallon, 8.33 lbs. 


* Crane Co. 


Weight of water per cubic foot, 62.4 lbs. 
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TABLE XCIV 


CONVERSION or Pounps PressurE To EqurvaLENT Frnt Heap 


Pounds per . Pounds per 
Squarcinch Feet Head Square Tach Feet Head 
1 Pail 50 V5 47 
5 ih 55) 60 138.57 
10 23.19 70 161.66 
15 34.64 80 184.76 
20 46.19 90 207.85 
30 69.28 100 230.95 
40 92.38 
> TABLE XCV 


CONVERSION OF INCHES OF VacuuM TO FEET Hap 


et 


Vacuum, Feet Vacuum, Feet 
Inches Head Inches Head 
1 iL 1} 14 15.82 
| 2 2226 16 18.08 
4 4.52 18 20.34 
6 6.78 20 22.60 
8 9.04 | 22 24.86 
10 1130geai 26 29.38 
12 13eo0 30 33.9 


Vacuum Pumps.—Vacuum pumps are merely exhaust pumps, which 
are used for pumping the air or a mixture of air and water from a con- 
tainer. A very common use is in connection with the condensing pan 
and with the vacuum system of pumping. Vacuum pumps are of two 
general types, the dry and the wet vacuum types. The dry vacuum pump 
is used for pumping only dry gases or air, and is made with very light- 
weight valves and very small clearances. The wet vacuum pump is 
built with larger clearances and of heavier valves, and is thereby enabled 
to handle a considerable amount of water or liquid along with the gases. 
The commercial type of vacuum pumps for producing high vacuum are 
usually of the reciprocating piston type and may be driven by a steam 
cylinder directly connected or by means of a flywheel and crank. Very 
high vacuum is obtained best by the use of the jet pump, which has the 
further advantage of economy of space and simplicity of parts. It may 
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not be so efficient, however, as the piston-type pumps, especially in 
small sizes. 

Vacuum has been successfully used in some plants for drawing mix 
from one tank to another. For instance, if a Tank A is situated above 
a Tank B, the liquid in Tank B may be drawn or forced from the ground 
up into Tank A against the force of gravity by creating a suitable 
vacuum in Tank A. There is a practical limit to the height to which this 
will work, since a perfect vacuum will lift water only about 33.9 ft. at 
sea level. A vacuum. is measured by the height of the mercury column 
that it will support. A perfect vacuum will support 29.9 ins. of mer- 
cury at sea level and would support a column of water 33.9 ft. high. Thus 
it will be seen that the theoretical limit to the height would be slightly 
less than 34 ft. The practical limit is about 30 ft. If a liquid other 
than water were to be raised, the specific gravity would need to be 
considered. Thus, while a 20-in. vacuum will support a 22.6-ft. column 
of water, it will support a column of brine, of the density of 1.2, only 
22.6 divided by 1.2, or 18.8 ft. The use of vacuum for pumping liquids 
from one container to another has the advantage of causing prac- 
tically no agitation to the liquid and eliminates possible sources of con- 
tamination. On the other hand, the disadvantages are that air leaks 
into the system will reduce the efficiency considerably, and that the 
limit of height to which the liquid can be raised is rather low. 

Brine Pumps.—The pumping of brine presents the same problem 
as the pumping of water, except that provision must be made to prevent 
corrosion. Also, the fact must be considered that brine is heavier than 
water and, therefore, more power will be required for pumping a certain 
number of gallons of brine a certain distance than would be required for 
pumping water under the same conditions. Bronze pumps are very 
good from the standpoint of corrosion but, because of the expense, have 
been largely replaced by high-purity cast-iron construction. 

Sanitary Pumps.—Sanitary pumps are also affected by the same 
general considerations as water pumps. A principal point of difference 
is that a sanitary pump is made of bronze, which is not readily attacked 
by the liquids handled and can be easily cleaned. It is made in such a 
manner that it may be entirely taken apart for cleaning—a very impor- 
tant consideration. Agitation during pumping is another factor that 
should receive attention. A slow-moving piston type of pump is desirable 
from this standpoint, although certain of the well-designed, closed-runner 
types of centrifugal pumps are used successfully and because of their 
simplicity have certain advantages over the piston-type pump. 

Transfer of Liquids by Pressure System.—There are places in which 
the use of pressure in a tank instead of vacuum might be used for trans- 
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ferring liquids from one tank to another. Referring to the example 
cited in the use of the vacuum system, if sufficient pressure had been 


Courtesy Creamery Package Mfg. Co. 
Fig. 95.—Dissembled Pump. 


Regulated air 
pressure line 


Llevated 
vor 


Kressure 


Fig. 96.—Properly Filtered Air Can Be Used to Transfer Mix with the Elimination 
of Pumps and Their Losses Attendant. 


applied to Tank B, the liquid could have been forced up into Tank A 
by this means instead of by vacuum as in the previous case. (Vacuum, 
after all, is merely the removal of the pressure on one side, thus allowing 


368 ENGINEERING IN THE ICE CREAM PLANT 


the pressure of the air to do the pumping.) In the use of the pressure 
system of transferring liquids, Tank B, for instance, must be made 
strong enough to withstand the pressure necessary and must be made 
perfectly tight in order to operate efficiently. The pressure system, 
unlike the vacuum, is not limited, since by increasing the pressure any 
reasonable height may be obtained. One of the disadvantages, how- 
ever, of the pressure system is that there is danger of contamination 
resulting from the air which is pumped into the pressure tank, for this 
air is very likely to pick up particles of oil as it goes through the pressure 
pump. It would be necessary, then, to include in the pressure system an 
oil trap and a pressure reservoir, which would be placed in the pressure 
line ahead of the tank which holds the liquid to be pumped. 

The Homogenizer.—The homogenizer is a special type of high- 
pressure pump. It is usually constructed in sets of three pistons and 
cylinders operating at 120° from each other in order to give a more 
uniform pressure. It is usually made single-acting, the three separate 
cylinders each having a suction and a discharge valve. The discharge 
from the three cylinders is into a common manifold which then leads to 
the homogenizing head. The pressures carried vary from 1000 to 4000 
Ibs. per square inch with an average working pressure of 2500 lbs. per 
square inch. On account of the high pressures, it is very Important that 
the pistons be accurately fitted and well packed. The packing should be 
kept soft and pliable and should be renewed at intervals of at least every 
month or two, not only from the standpoint of wear, but of sanitation. 
Pistons that have worn over 1 or 2 thousandths of an inch should be 
replaced. Valves are usually of the pocket type, very similar to those 
used in ordinary practice, and may be ground in the same manner, using 
a common valve-grinding compound. Fine emery dust mixed with oil 
may be used, but is not as convenient as the prepared article. Only 
3 or 4 lbs. pressure should be applied to the valve in grinding it, and it 
should be rotated back and forth a quarter to a half turn each time and 
then raised and turned a half turn and ground back and forth again 
until properly fitted. A light spring underneath the valve assists in 
raising it from its seat, when it is to be turned. It should be finished 
by wiping off with a piece of cloth and removing all traces of valve- 
grinding compound with washing solution. Then it should be given a 
few finishing turns with pure oil or tallow to make a smooth fit. The fit 
can be tested by making a number of marks on the valve seat and valve 
with a pencil, and then applying slight pressure to the valve, by turning 
it through a quarter turn. If the marks are undisturbed at any certain 
part of the valve, grinding should be continued until a perfect fit is 
obtained. Care should be taken never to turn the valve one complete 
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revolution: while it is resting against the seat, as scratches may be made, 
which will cause leakage. 

After leaving the discharge manifold of the homogenizer, the mix is 
passed through an opening to the homogenizing head, which consists of 
a hardened metal seat, against which a block of hardened metal or com- 
position material is held by a spring. The pressure at which the 
machine operates is then regulated by the tension of the spring on this 
homogenizing block. The mix is forced out between the homogen- 
izing block and the seat, it is thus homogenized. This causes a constant 
wearing away of the seat as well as the homogenizing block and makes 
necessary regrinding at frequent intervals. The regrinding is accom- 
plished in exactly the same manner as used in the grinding of auto 
engine valves, the same principles and the same materials being 
employed. A small amount of grinding every week or at frequent 
intervals is to be recommended. 

Leaky valves and poorly fitting homogenizing heads are indicated 
by a vibration of the pressure gauge needle or by the needle of an 
indicating wattmeter or ammeter in the motor circuit. 

The Ice Cream Freezer.—The ice cream freezer is one of the most 
important parts of the ice cream plant, for it is here that the mix 
receives its first stage of the freezing process and the air is incorporated. 
Freezers that are not functioning properly greatly increase the cost of 
production and even affect the quality of the ice cream. Figure 97 
shows a horizontal-brine type freezer. The freezer consists of a barrel 
or cylindrical chamber into which a rotating dasher is placed. The 
cylinder is surrounded by a jacket which may be cooled either by passing 
brine through it, in the case of the brine-type freezer, or ammonia, in 
the case of the direct-expansion freezer. There is also a hopper for 
pouring. the mix into the machine and a gate valve for drawing the 
frozen mix out. An electric motor is usually employed to drive the 
dasher through a shaft and set of gears. Many of the present-day 
machines are driven directly by a motor, placed directly on the frame 
of the machine. The freezer then has two functions to perform. The 
first is that of extracting part of the heat from the mix so that it comes 
out in a partially frozen state ready to go to the hardening room. The 
second is that it must incorporate a certain definitive amount of air 
into the unit volume of mix. 

There are several methods of freezing, but perhaps the one most 
common is that of freezing the ice cream to a certain stiffness and then 
turning off the freezing medium and whipping the mix until it has 
absorbed the required amount of air. From the standpoint of the quality 
of ice cream, economy of power consumption, and saving of time, it is 
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necessary to do the freezing as quickly as possible. The time for freezing 
depends upon how quickly the cold outer jacket can absorb the heat 
through the wall of the freezer barrel. This heat transfer may be made 
more quickly by lowering the temperature in the jacket or by making it 
possible for the heat of the mix to be transferred more readily through the 
wall of the jacket. The conductivity of this wall is determined by a num- 
ber of factors, the first of which is the kind of metal. Copper has a higher 


Courtesy Creamery Package Mfg. Co. 
Fia. 97.—Cutaway of Horizontal Brine Freezer. 


conductivity than iron or steel and gives a higher rate of heat transfer, 
but lacks durability. The thickness of the wall is also a determining 
factor, since doubling its thickness reduces the rate of heat transfer by 
one-half. Another and perhaps the most important factor is the film 
of frozen cream which tends to collect upon the inside of the freezer 
barrel. This film has a much lower heat conductivity than metal and 
acts very much as an insulator. If the blades of the scrapers do not 
keep this film scraped off well, there is a great reduction in the rate of 
heat transfer and consequently a longer time required for freezing. It is 
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important, therefore, to make certain that the blades of the scraper fit 
the barrel of the freezer perfectly throughout their full length. With 
many types of freezers, there is a tendency for the beater to become 
sprung out of shape, resulting in a poor fit. In order to overcome this 
difficulty, some freezers employ scrapers made of short sections not over 
10 ins. long. This prevents the whole blade from going out of adjust- 
ment. The centrifugal force of the revolving dasher, together with the 
action of the mix against the blades, is supposed to hold the scrapers 
against the barrel of the freezer. This has not always been found 
sufficient, especially with low-speed dashers and low-viscosity mixes. 
In certain instances, springs have been used to assist in this function. 
Dull blades also cause a building up of the frozen film on the inside of 
' the freezer barrel. The importance of these factors in the freezing opera- 
tions makes it desirable to inspect the blades at frequent intervals to 
make certain that they are properly adjusted and sharp. The dasher 
may be sharpened by draw filing. Care should be taken to file only the 
high spots and not to take off any more metal than necessary. The use 
of Prussian Blue for marking the spots is to be recommended and will 
indicate the high spots where the blue has rubbed off. Another method 
which is sometimes used is the placing of an electric lamp inside the 
freezer so that the blade is between the eye and the lamp. The light 
will then show through wherever there are low spots. 

Care should also be taken to keep the inside of the freezer barrel as 
smooth and free from dents as possible, since a dent will tend to raise 
the blade from contact through its entire length. If the dent is outward, 
a frozen film will accumulate in the depression, causing a reduction in 
heat transfer. In a number of instances on record, the total time of 
freezing has been decreased as much as five minutes by straightening 
the dasher and sharpening the blades. The speed of the dasher is another 
important factor governing the speed of freezing. It is a well-known fact, 
and has been mentioned before under the general subject of heat transfer, 
that it is necessary to keep the liquids moving rapidly on two sides of a 
wall, if heat is to be transferred readily. Therefore, the speed of the 
dasher must be such that the frozen film is rapidly removed and thrown 
toward the center of the freezer to be replaced by the warmer mix. 
Another factor of importance is the rate of flow of the brine through the 
freezer in a brine type of freezer. In order for the heat to be absorbed 
readily, it must be removed readily by the brine. Therefore, a good 
quantity of brine, usually not less than 15 gals. per minute for a 40-qt. 
freezer, should be circulated, and the temperature rise in the brine 
should not be over 2° F, for best results, the lower temperature being 
preferred. 
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TABLE XCVI 


Avreraagp BRINE REQUIREMENTS For VARIouS Makss or FREEZERS 


Size of Gallons Size of Gallons 

Freezer, per Freezer, per 

Quarts Minute Quarts Minute 
40 18-25 100 55-65 
60 25-30 120 60-75 
80 30-35 160 80-100 


With the direct-expansion type of freezer, Fig. 98, it is necessary to 
have sufficient compressor capacity to handle the ammonia vapor as fast 


Courtesy J. G. Cherry Co. 
Fic. 98.—Direct Expansion Freezer. 


as it is formed. The temperature 
in the jacket is determined very 
largely by the back pressure on 
the refrigeration machine or by 
the pressure as shown on the low- 
pressure gauge of the freezer. 
There is also a definite relation- 
ship between the pressure and the 
temperature at which ammonia 
vaporizes; it must vaporize before 
heatistaken up in the freezer. The 
flooded system of refrigeration, 
which is used, makes necessary 
an accumulator to prevent the 
return of liquid ammonia to the 
compressor. The temperatures can 
be very readily controlled by means 
of controlling the pressure of 
ammonia in the freezer. The 
efficiency of the direct-expan- 
sion freezer is much greater than 
that of the brine type, because 


there is no loss in the brine tank and because the connections that are 


subject to refrigeration losses are much shorter. 


It has been found that 


a 13-ton refrigeration machine will operate a 40-qt. direct-expansion 
freezer, while 3-5-ton capacity is required where the brine system is 
used. The direct expansion freezer, which is a relatively new develop-. 
ment, promises to become quite popular in the industry, 
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The whipping process is usually carried on after the freezing medium 
has been turned off. When this method is used, it is very important to 
be sure that the refrigeration is entirely shut off, as otherwise the 
whipping takes a much longer time. Investigation at the University of 
California has shown that the time required for whipping, as well as for 
freezing, is also affected materially by the speed of the dasher. In 
computing the heat extracted in making ice cream, the following average 
figures may be used,-although there is a variation depending upon the 
type cf ice cream frozen. 


DpeeraCeat OL MI sal se hore ee. 0.937 
ppeciie Meat Ol cream: 22205. Junie ewe 0.70 
Specie neat OL Mix 2 a oe ee aes 0.80 
Specific heat of hard ice creaam............. 0.42 
Heat of fusion of ice cream.........:....... 80, BE Ue 


It may be considered that one-half of the heat of fusion is removed 
in the freezer. 

Further care of the freezer consists in using the proper lubricant in 
the gear box and making certain that it always has a sufficient amount. 
Bearings should be kept tight and in alignment. Where silent chains 
are used for driving the machine, their adjustment is also important, 
as chains that are too loose or too tight wear rapidly. In some makes 
of machines, special care must be taken with the beater bearings, since 
poor adjustment might affect the position of the dasher inside the 
freezer. The packing where the beater shaft goes through the end of the 
freezer barrel should be kept soft and in good shape. It should be 
renewed frequently for sanitary reasons. 

Protection of Equipment from Corrosion.—Corrosion of ice cream 
equipment is rapid because of the presence of moisture and_brines. 
Much of this can be prevented by treatment, as has already been 
mentioned under brines. On general equipment, corrosion may be pre- 
vented by the use of certain materials and methods. Surfaces that 
are alternately wet and dry are very much subject to corrosion; if 
they can be so arranged as to be always submerged or always dry some 
of this trouble may be overcome. Coating the materials with paint is 
also a good method. Paint should not be expected to last indefinitely 
but should be applied periodically, as required. Painting not only pre- 
vents corrosion but also improves the appearance of the plant. As a 
priming coat on metallic surfaces exposed to moisture, red lead is very 
efficient, although it requires several weeks to dry thoroughly and 
should be dry before further coats are applied. After this priming 
coat has been given, other colors may be used to produce the desired 
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effect. Zinc-base paints are considered superior to lead-base for this use. 
Surfaces exposed to high temperatures are well protected by the use of 
an asphalt base paint, but this is usually available only in black or other 
dark colors. The operator should not attempt to use lead and oil paints 
over asphalt paint, as the black will ‘‘ bleed ” through and the paint may 
not dry. Certain commercial preparations may be used on shafts and 
other bright parts. Lacquers for metallic surfaces are satisfactory, if they 
are renewed at frequent intervals. Most of the commercial preparations 
for this purpose are of a greasy or sticky nature and are really only 
slightly superior to common hard oil or cup grease. The lacquers have 
the advantage of giving a hard surface which does not collect dust. 
Light oils are of very little value in preventing corrosion except for 
very short periods of time. Steam-cylinder oil, 600W, however, is 
a very good coating for materials that are to be put away where the oil 
will not be rubbed off. A coating of white lead and tallow is good for 
treating bright-colored parts that are to be put in storage. This material 
forms a good protecting film and at the same time is easily removed. 
Metallic coatings, such as zinc, tin, cadmium, and chromium are 
sometimes used. For protecting steel or iron, zinc is much superior to 
tin. Therefore, galvanized iron is much superior to tinned iron from the 
corrosion standpoint. ‘Tinned copper is perfectly satisfactory, except 
that the cost of copper precludes its use in most instances. 
Pasteurizers and Heaters.—Pasteurizers and heaters are merely 
apparatus for the transfer of heat from a hot substance, such as hot 
water or steam, to a substance such as milk or ice cream mix. If there 
is to be quick and efficient heat transfer, it is necessary to have sufficient 
heating surface. A good pasteurizer should have the heating surface so 
large that the heating medium may be only a few degrees hotter than 
the maximum temperature to which the mix is to be heated. It is also 
of importance that both the heating medium and the mix be properly 
agitated, as the lack of agitation will cause an insulating film to build 
up next to the heat-transfer wall and will result in decreased efficiency. 
For example, with agitation of the brine in a brine tank, the pipe will 
absorb 40 B.T.U. per square foot per hour per degree difference in 
temperature, while without agitation it will absorb only 20 B.T.U. 
For pasteurizing mix, the open-type heater has some advan ages in 
that it is usually less expensive and that it may help to remove odors 
from the mix. It has the disadvantage, however, of allowing consider- 
able evaporation. Furthermore, a certain amount of contamination and 
oxidation may take place through contact with the air. An internal heater 
is somewhat more difficult to clean but overcomes a number of the 
difficulties mentioned under external heaters. Many pasteurizers are 
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of the rotating-coil type, with the heating medium carried in the coil. 
These have given very good satisfaction in most plants but are some- 
what difficult to clean properly. Glass-lined vats, which are an improved 
type of heater, carry the heating medium in a double-walled jacket, sur- 
rounding the inner tank. This type of vat is more easily cleaned. The 
above type of pasteurizers are almost always used with the batch method 
of pasteurizing. However, combinations of three or four batch pas- 
teurizers may be used to give a continuous method of pasteurizing. 

There are also so-called continuous or flash pasteurizers, in which the 
milk or mix is heated to a temperature of around 165-175° F. in a very 
short time, perhaps a half minute, and carried continuously through the 
machine. The heat necessary for pasteurizing a certain amount of mix 
may be calculated from the formula given below. 

Weight of mix multiplied by specific heat, multiplied by temperature 
rise, equals heat necessary for pasteurization. It may be usually con- 
sidered that the amount of heat given up by one pound of steam is 
between 900 and 1000 B.T.U., depending upon the initial pressure and 
temperature and the final temperature after it has been condensed. 
For general calculations, the figure 950 B.T.U. might be used. 

The efficiency of the pasteurizer should also be considered. Although 
this varies with different types of heating apparatus, 70 per cent might 
be taken as an average value. To find the actual heat which must 
be supplied to the pasteurizer, the following formula should be used: _ 


W X specific heat X temperature rise 
710 
W = Weight of mix heated 
Specific heat = specific heat of mix heated 
Temperature rise = temperature rise of mix heated 
.70 = efficiency of heater. 


H = 


Use of Exhaust Heat for Pasteurizing—Many plants have consider- 
able exhaust steam from engines and turbines, which would be wasted 
if it were not used for processing. Pasteurizing is carried on at a tem- 
perature of about 145° F. and, therefore, hot water at 150-160° F. can 
be used for heating the mix. In some plants, a water jacket or water 
coil is placed on the exhaust pipe of a gas engine and the exhaust heat 
carried to a suitable hot water tank. 

Coolers.—Cooling apparatus is very similar in principle and con- 
struction to heaters. Since the temperature differences, however, are 
usually smaller, more cooling surface is required for quick cooling than 
for quick heating. The various types of coolers are similar to heaters, 
namely, vat and tubular. 
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The cooling medium and the liquid to be cooled should both be well 
agitated. Use should be made of the counter-current principle where 
possible. This principle is best illustrated by the following diagram: 

It will be noted that with this method the hot mix enters at the top 
of the cooler and the cold mix leaves at the bottom. The cooling . 
medium will enter at the bottom and leave at the top. Thus, the direc- 


Flow of mix 
a ae ae er IOV OPM OTIS. 


Fic. 99.—Counter Current Principle of Cooling. 


tion of the flow of the cooling medium is counter to that of the medium 
which is to be cooled. By this method, it is possible to cool to within 
several degrees of the initial temperature of the cooling water, whereas 
if the direction were reversed this would not be possible. The cooling 
medium at its coldest is brought in contact with the coldest part of the 
liquid to be cooled. 

When cooling with the double-walled type of glass-lined vats, con- 
siderably more time is required than with the tubular cooler. By using 
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the spray instead of the flood method, a saving of approximately 16 per 
cent in time and water may be made. With the former, the cooling 
medium is sprayed in a thin layer along the outside of the inner wall of 
the tank and is removed as quickly as it reaches the bottom of the 
cooling chamber. With the latter, the water is allowed entirely to 
fill the space within the cooling chamber. This emphasizes the necessity 
of using a large opening at the bottom of the vat for removing the 
cooling water and prevented its backing up in the cooling compartment. 
Internal tubular coolers have the advantage over the external tubular 
type that the milk or mix does not come in contact with the air and is 
thus saved from evaporation and oxidation. If the cooler has an expan- 
sion head, it may be sterilized by connecting up with a steam line. This 
is an advantage from a sanitary standpoint. 

Can Washers and Driers.—A number of mechanically operated can 
washers have been developed during the past fifteen years, and prac- 
tically every large ice cream manufacturing plant has use for one. Can 
washers might be classified in several different ways: first, as to the 
method of driving the jets; and second, as to type. Most can washers 
have a number of different treatments for the can as it goes through the 
machine, each treatment being somewhat as follows: First, a pre- 
liminary rinse with either warm or cold water; second, treatment with 
one or two wash solutions at a temperature of approximately 150° F.; 
third, a treatment with hot sterile water at a temperature of 185-200° F.; 
fourth, a treatment with a live steam jet for sterilizing purposes; 
fifth, a treatment with hot air for the purpose of drying the can. A 
good can washer should turn out a can which is clean, sterile, and dry. 
Most can washers pass the can in a vertical, upside-down position over 
jets. In some of them, the action is continuous, while in others the 
can is stopped for a few seconds over each jet. The jets are usually 
operated by a motor-driven, centrifugal pump, although with some makes 
of machines a Duplex steam pump is used for this purpose. The elec- 
trically-driven pumps have the advantage of simplicity ard freedom from 
frequent adjustment, while the steam-driven ones have the advantage 
that the exhaust steam may be used for heating the various solutions. 
With the latter type, however, great care must be taken to prevent the 
lubricating oil which is in the steam from getting in the wash tanks. 
From a number of observations, it has been found that this causes a 
sticky, grimy deposit on the necks of the milk cans, which is very objec- 
tionable. Figures 100 and 101 show typical, continuous can washers, 
operated by electrically-driven pumps. The rotary can washer is 
built on practically the same principle as the straight-away types, 
except that it has a circular form and that the cans are placed in the 
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Courtesy Rice & Adams Co. 
Fig, 100,—Rotary Can Washer, 


Courtesy Rice & Adams Co. 
Fig. 101.—Ice Cream Can Washer. 
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machine and taken from it at the same point, thus enabling one man to 
operate the machine. With the straight-away types, it is customary to 
have one man place the cans in the machine and another to take them 
out, unless an automatic can unloader is used in connection with a 
roller transfer system. 

The rotary machine will handle cans that are battered and out of 
shape much better than will the straight-away, since in the latter the 
cans that are badly out of shape are likely to fall over. 

Intermittent Versus Constant Jet Operation—With some types of 
washers, the jets are operated continuously, while with others they 
operate only for the time the can should be in position above the jet. In 
the latter type, the jets are operated by a trigger; in the former, by a cam 
shaft. If the can washer is operated at full capacity, there is not much 
advantage in having the intermittent operating jets, but it will save 
considerable water and steam if the washer is operated at part capacity. 

Cost of Operation.—The University of California has conducted 
experiments with various types of can washers under commercial and 
test conditions and found a considerable difference in the electrical, 
steam, and water consumption of various types of machines. The 
following table shows some of the results obtained from this 
investigation. 


TABLE XCVII 


PoweER CONSUMPTION OF Can WASHERS 


Capacity Used per 100 Cans Washed 
M3 Cans per 
I Hour Pounds Gallons K.W.H. 
steam water electricity 
Rotary (with steam pump)....... 300 500.6 361 1201 
RS Linah ea MVE ER ea os cs sie cbs enone 385 274.0 85 .924 
I RSHHEMENICE 5 ses cy gees Sco De ene ene ae 240 216.0 89 1.100 


Factors to be Considered in the Care and Operation of Can Washers. 
—It has been found that, in securing good results, one of the most 
important considerations is that of the temperatures of the washing 
and sterilizing solutions. If these are not properly maintained, the cans 
will not be thoroughly washed and sterilized. Experiments have shown 
that the bacterial count on 10-gal. milk cans has been dropped from 
several thousand per cubic centimeter? to practical sterility by maintain- 


4 Bacteria per c.c. of a 400 c.c. solution used in rinsing the can. 
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ing the temperature of the sterilizing solution at 190° F. instead of 150° 
F. It is also of much importance to keep all jets thoroughly cleaned. 
There is a great tendency for strings, casein, and other foreign material 
to collect in the jets; cleaning at least every other day, and preferably 
every day, is, therefore, to be reeommended. From actual experiments 
it has been found that the bacterial count has been dropped from 
250,000 per c.c. to 6 and 8 by cleaning the jets of a badly stopped-up 
can washer. ; 

The strainer over the suction lines to the pumps should also be kept 
clean because if it is allowed to become stopped up, the jets cannot 
function properly. 

Sterilizers.—Sterilization of utensils about the ice cream plant may 
be accomplished in a number of different ways. The two most important 
are by the use of hot water or steam and by chemicals. The hot water 
and steam are used more than the chemicals, since the utensils may be 
easily submerged in hot water or placed in a steam chamber. If steam 
is used, the temperature may be varied by changing the pressure or by 
superheating the steam. Reference to the steam table will show that the 
temperature varies with the pressure. For instance, at atmospheric 
pressure, the steam will have a temperature of 212° F.; at 50 lbs., 
287° F., and at 100 Ibs., 320° F. If it is necessary to obtain a very high 
temperature, and if at the same time the apparatus will not withstand 
high-pressures, the temperatures may then be obtained by superheating 
the steam. For small ice cream plants or receiving stations, a small 
self-contained dairy sterilizer may be used. This type has been used 
on farms in California for a number of years and has been found very 
useful. It may be heated by means of an oil burner or an electric heating 
element. One of the latest type of dairy farm sterilizers is equipped 
with an electric heating element and an automatic thermostat, which 
turns off the power as soon as the proper temperature is reached. The 
maximum temperature obtained in such a sterilizer is about 212° F. 
The cost of operation is very low, being about 5 to 7 cents per batch for 
the four-can size. The better types are made to operate with a small 
amount of water, usually from 10 to 20 lbs. They are insulated against 
heat losses. 

Sterilization of utensils by means of chemicals is sometimes necessary 
where it is impossible to use heat. Sodium hypochloride solutions are 
most commonly used for this purpose. The solution may be purchased 
already made up or can be easily manufactured by means of a suitable 
hypochloride cell. In the latter instance, common salt water is held in 
containers through which a direct current of electricity is passed. 
Chemical action takes place, with the resulting formation of sodium 
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hypochloride. This material is often used for sterilizing rubber parts, 
which will not stand high temperatures, and milk bottles, after they 
have been run through a bottle washer. 

An investigation conducted by the State Department of Agriculture 
of the State of California shows that chemical sterilization is fairly 
effective in reducing bacterial counts, provided that there is no organic 
material present. The necessity of thoroughly washing all equipment 
and of removing all organic matter, such as milk residues, before attempt- 
ing to sterilize with a chemical solution, cannot be too strongly 
emphasized. 

Other chemicals have been experimented with, and a number of 
commercial preparations are sold on the market. Most of them rely 
upon free oxygen or chlorine for their action and have somewhat the 
same characteristics as the- sodium hypochloride 
manufactured from salt water. 

Strong alkali solutions are sometimes used as 
sterilizing agents. Tests have shown that subject- 
ing milk bottles to hot alkali solutions has a high 
sterilizing effect. 

Thermometers.—The thermometer might be 
defined as an instrument for indicating or record- 
ing temperatures. Since temperature is very im- 
portant in many of the operations carried on in 
the ice cream plant, thermometers are very widely ey 
used. There are many types for different purposes. =< 
Some of the more important will be discussed. 

The commonest type of indicating thermometer 
is known as the chemical thermometer. It consists 
of a straight, hollow, glass tube with a bulb on one 
end filled with an expansible liquid, which expands 
or contractsin accordance with temperature changes. 
There are special industrial thermometers made up 
for special purposes. As a general rule, the in- Cowtsy (ruler Instrument 
dustrial thermometer is built rather heavily and is Fie. 102.—A Common 
attached to the apparatus with which it is to be Type of Industrial 
used by means of a threaded connection. It is Thermometer Showing 
usually constructed with a heavy metal housing in rk photo dale 

‘ achment of Sanitary 
order to protect the tube from breakage. Figure 102 Tabi 
shows a common type of industrial thermometer. 

The long-stemmed thermometer is another modification, which has 
many uses about an ice cream plant. With this type of thermometer, 
the temperature in the bottom of the vat may be easily taken. 
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The index thermometer is somewhat different from the ordinary 
bulb-and-tube thermometer, since the temperature is registered by a 
hand passing over a dial in a manner similar to a steam gauge. It is 
more easily read than the bulb-and-tube type, and for some purposes is 
superior on this account. 

The actuating medium of thermometers is usually mercury. This 
substance has a freezing point of —40° F. and a boiling point of 1000° F. 
Its expansion is practically uniform over the entire temperature range, 
and it is permanent. Some thermometers use spirits, consisting of alcohol 
or ether mixtures, in the place of mercury. These are often colored and 
on that account are easily read. 

Thermometers, whether they are of the indicating or recording type, 
should be tested at suitable intervals. The best practice is to check 
them against a standard thermometer which can be purchased from 
reliable thermometer manufacturers. Checking should be made at the 
boiling and freezing points of water and at each 30° above 32° F. It is 
of special importance to check them at the critical temperature at 
which they are to be used. For example, if a thermometer is to be 
used in the pasteurizing vat, in which a temperature of 150° F. is the 
critical temperature, then the thermometer should be checked very 
closely at this temperature. 

The engraved-stem thermometer has the scale divisions cut into the 
glass itself as the thermometer is tested. This is the most accurate 
and best quality of thermometer. 

The most inexpensive thermometers use a printed scale which is 
attached to a holder near the thermometer support, just back of the 
thermometer tube, or within the thermometer tube. A good thermom- 
eter should be accurate throughout its range. Only one having a uniform 
bore is to be depended upon in this respect. 

Recording Thermometers.—Recording thermometers are used to 
give a permanent record of the temperature throughout the process. 
This is a measure of protection both for the manufacturer and for the 
consumer of the product. The general construction of the recording 
thermometer is as follows: A hollow bulb containing a suitable liquid or 
gas which expands when heated is connected by means of a capillary 
tube to a hollow coil spring. This is connected by means of suitable 
rings to the pen arm. As the temperature rises in the bulb, a pressure 
is exerted in the hollow tube and spring, causing the spring to straighten 
out and thus moving the pen arm. The pen is attached to the end of 
the pen arm and bears upon a circular chart with suitable time and 
temperature graduations marked upon it. The chart is rotated by 
means of a clockwork motor. Certain modifications of this general type 
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of construction are found. Some instruments are what is known as the 


self-contained type, in which no bulb or capillary tube is used. With 
this instrument, which is used mostly for measuring the temperature of 
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Courtesy Taylor Instrument Company 


Fig. 103.—Cutaway of Recording Thermometer. 


air and gases, the temperature changes act directly upon the hollow-coil 
spring. 

Types of thermometers might be classified according to the actuating 
medium used inside the tube system. With mercury, which is very often 
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employed, it is necessary to use a steel tube and bulb. The latter is 
usually made with 0.015 in. bore, a small wire being drawn through this 
in order to decrease the size still further. It can be readily seen that sharp 
bends in the tubes are very likely to close this small opening and ruin 
the thermometer. The elevation of the bulb above the instrument 
makes no appreciable 
difference in the read- 
ing. A maximum of 25 
ft. of capillary tube is 
furnished. Longer tubes 
are obtained only at 
a very much increased 
cost. 

The vapor-tension 
type of instrument uses 
a volatile liquid, such as 
alcohol, ether, or some 
mixture of similar sub- 
stances. This type of 
instrument has a lower 
pressure than the mer- 
cury-filled types, and 
because the liquids do 
not act on copper, a small 
copper tubing takes the 
place of the steel tube 
and bulb. It is possible 
to obtain tube systems 
up to 100 ft. or more 
in length. With this 

Courtesy Taylor Instrument Company type of instrument the 

Fra. 104.—The Bulb, Capillary Tube and Expanding reading is affected by 

Coil of Recording Thermometer. the elevation of the bulb 

rae with respect to the 

instrument. In ordering such thermometers, the difference in elevation 
should be specified. 

Since volatile liquids do not have a uniform expansion rate, the 
charts, as a rule, are not uniformly graduated, as is the case with the 
mercury-filled type. 

Gas-filled thermometers are sometimes used. Their characteristics 
are quite similar to those of the vapor-tension type. They are of 
special value in high-temperature work and in places where it is 
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necessary to have the bulb situated a considerable distance from the 
instrument. 

Management cf Recording Thermometers.—The installation of 
recording thermometers is important. Since they are delicate instru- 
ments, they should be mounted where they will be free from vibration, 
and where the capillary tube will be free from extreme changes of 
temperature as well as from danger of breaking. It is of special impor- 
tance to place the bulb at a point where it will record the proper temper- 
ature. If it is set in a pocket where the circulation about it is poor, it 
will not record the true temperature of the liquid. 

Care should be taken to keep the thermometer case closed at all times 
and to prevent moisture from entering. Ink should be applied frequently 
and in small amounts and should be wiped from the pen arm, since it 
causes corrosion. Only the best quality of recording-thermometer ink 
should be used, since this ink has the special property of slow drying and 
will not stop up the pen point as easily as ordinary ink. With some types 
of pen points, the ink is fed through a very small capillary tube. It is 
quite important to clean this out occasionally by means of a small wire. 
The clock should be wound regularly. Care should also be taken not to 
allow the bulb to become overheated, as this would cause a strain on the 
tube system which might result in its destruction. Most thermometers 
are equipped with a lock seal. Only authorized persons should be 
allowed to care for and regulate the instrument. 

Testing and Regulation.—<As recording thermometers frequently get 
out of adjustment, they should be checked for accuracy at suitable 
intervals. It is recommended that they be tested once every week or 
two weeks, depending upon the conditions under which they are used 
and the importance of the correct reading. The testing should be done 
in much the same manner as for an indicating thermometer. Care should 
be taken to have the thermometer bulb and the test-thermometer bulb 
very close together in a well-agitated liquid at the time readings are 
taken. ‘Time should also be given for the recording thermometer to 
come up to the given temperature, since there is more of a temperature 
“lag” with a recording thermometer than with the average test 
thermometer. 

Temperature Regulators——There are many processes in which 
automatic temperature regulators can be used, thereby relieving the 
operators of a certain amount of responsibility and in many cases making 
possible closer control of temperatures. The direct acting temperature 
regulator consists of a diaphragm valve which is placed on the steam, 
brine, or water line, as the case may be, and which is operated by means 
of a bulb-and-tube system attached to the apparatus, the temperature 
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of which is to be controlled. When the temperature rises in the apparatus, 
pressure is built up in the tube system, causing the diaphragm valve to 
close. During a temperature drop, an opposite action takes place. 

The air-controlled temperature regulator operates in much the same 
manner, except that the diaphragm valve is operated by air pressure 
which enters from the storage tank, opening a small air valve. The air 
leak is an important part of the controller, since if it is opened wide, 
the valve will open slowly and close quickly; while if it is nearly closed, 
the valve will open quickly and close slowly. The electrically controlled 
temperature regulator makes use of a thermostat and electrically 
operated solenoid valves for controlling the flow of the heating or cooling 
liquid. 

Depreciation.—Depreciation of dairy machinery amounts to a con- 
siderable part of the cost of manufacture. The following table shows 
the commonly accept- 
ed depreciation rates 
which are used by cost 
accountants in the milk and ice 
cream business. Most of them 
have been worked out by com- 
mittees from the various dairy 
organizations and can be taken as average 
values. 

The rate of depreciation is very largely 
dependent upon the following factors: first, 
the quality of the machine; second, the 
suitability of the machine for the work it 

Courtesy Walt’s Welding Works has to do; third, the care used in its 

Fie. 105.—Handy Tub Truck. operation and upkeep. Itis a well-known 

. fact that it would be expensive to use 

for heavy work a light machine which was continuously breaking, just 

as it would be expensive to use a small automobile engine to do the work 
of a tractor or truck engine. 

Machinery in ice cream plants is subjected to very severe conditions 
because of the high moisture and the escaping ammonia vapors and 
brine solutions which are found there. For this reason, only the best 
quality of materials resistant to corrosion should be used in the con- 
struction of machinery. All exposed surfaces should be kept well 
painted. It is impossible for any paint to last indefinitely. There- 
fore, it is desirable to repaint equipment at least once or twice a 
year, in order to give good protection. Many small parts of machines 
can be tinned or galvanized to prevent rusting. 
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TABLE XCV 
DEPRECIATION ON Datry EQuipMENT * 
8 : 8 ! 
Class of Property 5 26 B OF Class of Property ae Bl ae & 
BAA) ES a q 6A 5 38 
a A ay AY 

Buildings: Power Equipment :—(Cont.) 

Brick-trame yee mee cee ere 2-4 61 Generatorsscmcmetcemiieins ae 5 -10 60 

Brickastioelicime ic onncusomiers wie 2 = 3 65 IMLOUOT Sie o. ernie ew wisistar seco, on 5 -10 62 

Goneretecmeeiacacie et on oie 13- 23; 40 Blectric Wiring............ 10 -15 66 

TATAOL bea eeleie ci ees oe Sao) 72 Steamer ipower serst aise 5 -10 52 

Mle vatorsis. cers ce cere eae 5 -10 ie Wiser canes. ers mere chereere 5 -10 57 

Machinery: Gas-producing Tanks....... 10 =15 76 
Refrigerating Machines..... 5 -10 63 Shafting and Pulleys........ 10- 15 64 
Condenser Coils............ i al) 59 Belting hora syecoeueeaie nk se 10 -20 52 
Compressed Air Machines...| 5 —10 49 Containers: 

Pee apd Brine Danks i: Bg 10 eee Prick Sabie. .,5 motaansee 20 -333) 69 
Expansion Coils.......... 5 —10 59 Brick Caves or Tanks....... 20 -334 74 
Shell Coolers............. 5 —10 55 Came Steelracc sete] evans nes 20 -333| Ti 

Fee ee ere ee Cie Cane tP ii mee ohne nies: 20 -333| 6S 

pe ere ae eh ee 20 -333| 76 

ce Cranes an WEGSio. Sars roe =15 . 1 

et ed age A al A Cabinetar phertrecis< ce tecseres 20 —333| 72 

Refrigerated Rooms: Delivery Equipment: 

Peancioal Cetin wee eet. 1On=1 5 63 Bord sgeacrtecismiie syste aeke 25 —334 72 

ining Conse nc et wc 10 =15 168 Be eee eae so 2Ove res) eo e8 

Hardening Rooms.......... 10 -15 58 1; to 3 Tons...,.......---- 20 ee 57 

Nive & Cream Siprace Roomal10'=15 60 Overs3 <hOnsy series ee 20 -25 55 

Ice Storage Rooms......... 10 -15 65 \Blectric: 

Ice Cream Machinery: C@hasnis': cossspee sii cites cir 6 -15 20 
Freezing Machines......... 10 -15 53 Batterviecnsletessesieieistesterercrs 15 —25 73 
BEM OMVAMES:. eo msncretsteletoler ici tes< 10 —15 60 made modion: 

Pasteurizing Vats...........- 10 -15 63 Open Tepe g toe. aoe 10 -20 °7 

Holding Vats...........-.. 10 -15 64 Riefriserat Opera ter iaierte ten 15 -25 63 

TeetGrushers aoctd. cera oe 10 -15 59 

Tce, Conveyors. «<<... > I 10 -20 76 Touring Cars: 

lee Milevaborsepreeiei eric: 10 -15 57 TY DC. 2 science cece closes ae 20 -25 53 

Dubulars;Coolerseee setyene i 10 -15 65 Wazons: ‘ 

Homogenizers)....-..4.-- 0... 10 -15 60 Open Plntonneees weet 10 -20 59 

Pre-Coolers...-.----+++-++- 10 -15 C2 Retrigeratorme see miarton es 10 -20 75 

Shyseiay Ios, osGeaccasne 10 -15 55 Open-style Packing Wagons. .|10 -20 70 

@amiaw asliers oc cecisieractssreas' 10 —20 78 

Overrun Testers............|10 -15 57 NTOTSCS mac erccisalaieeys, ohetoientis eke 10 -16 50 

IMEIKOLS Mecteere) fare cyclase: eimieie’e tats 10 -15 64 

Brick-cuthiie Machined...\.. 10 -15 60 FR AYMOSS sie-eraersteliadstieae vers wi lous rakes) s 15 —20 50 

Miscellaneous Machines..... 10 -15 67 Omeebnrnturemndervctursae 

Chocolnes-muxines Kettles 2.10 15 ))- 64 Hatea ieee bate ine 5-10 79 

Copper Kettles............ 110 -15 oe Office Machines............ 10 -20 92 

Hand Trucks............-. 15 -20 40 Desks, Tables and Chairs....|10 —20 78 

Power Equipment: 

Boileng ry oe ietsce hastens erento 5 -10 55 Repair Department: 

Boiler Feed Pumps.......-. 10 -15 70 Lathes, Drill Presses, Planes, 

Steam Bngines:...........- 5 —10 60 Ob Crepe ral ota erertiesl hase o.e woeecerenare 10 -15 74 

GaswEnginess ohiscoss cea 6 -10 58 TOOLS sr eaete cieicherte eaross closest euere 22 -33 40 


* From the Depreciation Report of the Cost Accounting Committee of the National Association 
of Ice Cream Manufacturers, 8. T. Nivling, Chairman, presented at the Twenty-second Annual 
Convention at Cleveland, O. Data obtained from a questionnaire sent to members. 
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TABLE XCIX 


CoNDENSED STEAM TABLES 


PROPERTIES OF SATURATED STEAM, 0 To 100 Lgs. GAauGcE 


Pressure, Temperature, | Specific Volume, 3 
pce ure: Pounds Degrees Cubic Feet Beene Uiovel Test 
Coe Absolute Fahr.- per Pound 

eve? P t vor s horg@ H 

0 ile 76 212.0 26.79 180.0’ 1150.4 

5 19.7 PE PH 20.38 195.3 1155.9 
10 24.7 239.4 16.49 207 7 1160.2 
15 29.7 249.7. * 13.88 218.2 1163.7 
20 34.7 258.8 11.99 227.4 1166.7 
25 39.7 266.9 10.57 235.6 1169.3 
30 44.7 274.1 9.45 243.0 ply! eas 
35 49.7 280.6 8.56 249.7 1173.5 
40 54.7 286.7 7.82 255.9 1175.3 
45 59.7 292.4 “220 261.8 1176.9 
50 64.7 297.7 6.68 267 .2 1178.4 
55 69.7 302.6 6.23 HPA 1179.7 
60 74.7 307.3 5.83 277.1 1181.0 
65 79.7 Sle 5.49 231-7 1182.2 
70 84.7 316.0 5.18 286.1 1183.3 
75 89.7 320.1 4.91 290.3 1184.3 
80 94.7 323.9 4.67 294.3 1185.3 
85 99.7 327.6 4.441 298.1 1186.3 
90 104.7 Soles 4.241 301.8 1187.1 
95 109.7 334.6 4.058 305.4 1180.0 
100 114.7 337.9 3.890 308.8 1188.8 


TABLE C 


CONDENSED TABLE OF PROPERTIES OF SATURATED AMMONIA-PRESSURE 


Pressure, 
Pounds Gauge 
per Square Inch 


DOOCOOOSOSSSSOOSOSOSOSCOSOOCOOUU 


Temperature, Total Heat Latent Heat Total Heat 
Fahr. of Liquid of Evaporation of Vapor 
—28.51 +12.3 589.1 601.4 
—17.61 24.0 581.6 605.6 
— 8.77 33.4 BZ bie 608.6 
— 1,27 41.5 569.6 611.1 
ar 5.89 49.3 564.2 613.5 
11.66 55.6 559.7 615.3 
16.88 61.3 555.6 616.9 
21.67 66.5 551.8 618.3 
26.09 Mehta 548.1 619.5 
30.21 75.9 544.7 620.6 
34.07 80.2 541.5 621.7 
37.70 84.2 538.4 622.6 
44.40 91.6 532.6 624.2 
50.47 98.4 627.3 625.7 
56.05 104.8 522.1 626.9 
61.21 110.5 OL, 627.8 
66 .02 116.0 512.8 628.8 
70.53 121.1 508.4 629.5 
74.79 126.0 504.3 630.3 
78.81 130.6 500.3 630.9 
82.64 135.0 496.4 631.4 
86.29 139.2 492.7 631.9 
89.78 143.2 489 .0 632.2 
93.13 147.1 485.5 632.6 
96.34 150.9 482.0 632.9 
103.88 159.8 473.7 633.5 
110.80 168.0 465.8 633.8 
117.22 Aer 458.2 €33.9 


* Bureau of Standards Tables of the Properties of Ammonia, 
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The operator can materially increase the life of his machines by 


reporting promptly to the engineer any trouble, and making certain 
that it is remedied. A certain amount of pride in his machine is necessary 
on the part of the operator if he is to get the best results. Plant managers 
should make certain that the operators understand thoroughly the 
machines they are to operate and know how to care for them properly. 
Ignorance of machinery probably causes more destruction than any 
other one single factor in the plant. 
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CHAPTER XII 
MERCHANDISING 


Many merchandising plans are put forth by various manufacturers 
in the ice cream industry. Some of these schemes are successful; others 
meet with decided failure. An examination of articles regarding them is 
sufficiently convincing that no fundamental principles have governed 
the formulation of new sales methods. It is obviously quite impossible 
to devise the ideal method of merchandising ice cream. The object of 
this chapter is simply to give the principles of modern merchandising 
and to indicate the adaptation of these principles to the selling of ice 
cream. It is believed that with these principles in mind, the ice cream 
manufacturer should be able to judge new merchandising methods and 
to determine their practicability before actually going to the expense of 
putting them into operation. This does not mean, however, that success- 
ful plans outside of these principles may not be evolved. A recent 
example of such a diversion is given in the apparently successful policy 
used by the Realsilk Hosiery people, who employed a house to house 
method, which up to that time was contrary to all the accepted methods 
of marketing such an article. The selling methods of Fuller Brushes 

-offer a similar example. 

There are five distinct steps in the formulation of a merchandising 
policy. With an understanding and appreciation of these, the manu- 
facturer with goods to sell will have a better conception, a broader view 
of the field that marketing occupies. These five steps are as follows: 
(1) The classification of the goods, which largely determines their 
method of distribution. (2) Ascertaining the motives which lead the 
consumer to purchase the goods. A knowledge of the consumer’s buying 
motives is essential, if the seller is to make an intelligent appeal to him. 
(3) The formation of the organization that is to carry out the merchandis- 
ing plan. (4) Physical handling, that is, the policy governing the 
handling of the goods, the rate of stock turn, stock control, and similar 
problems. (5) The determination of the price policy. This will be 
governed by a number of conditions: competition, prevailing prices for 
the same commodity, the contemplated volume of production, and the 
cost of production over a period of time. 

All merchandise may be divided into two groups: industrial goods 
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CONSUMERS’ GOODS 3gl 


and consumer’s goods. The former consist of raw or semi-manufactured 
materials, equipment, supplies, and other goods that are sold in large lots 
to individual users for industrial purposes. The market for these prod- 
ucts is usually clearly defined. Ice cream freezers are rightly classified 
as industrial goods. The manufacturer of such equipment knows just 
how many possible purchasers of his product there are. The only thing 
than can disrupt his plans is the starting of new enterprises in his line to 
stiffen the competition. 

Consumers’ goods are those that are sold in retail stores and of which 
every person is a potential buyer. Ice cream itself, for instance, may 
have 110,000,000 buyers in the United States, assuming that to be the 
present population. The merchandising plan of the two groups is quite 
dissimilar, inasmuch as the methods of distribution and the buying 
motives are so different. Industrial goods are purchased for business 
reasons, based on the suitability of the product to the purpose for 
which it is intended. Consumers’ goods, on the other hand, are bought 
for personal reasons to satisfy personal wants. 

Each of the above groups has its separate merchandising problems. 
The ice cream manufacturer is interested only in selling consumers’ 
goods. These may be broadly classified, using the buying habit of 
purchasers as a basis, into (1) convenience goods, (2) shopping goods, 
and (3) specialty goods. 

Convenience goods are those purchased in easily accessible stores. 
The buyer is generally familiar with the article he wants, and seeks to 
satisfy the want immediately in the nearest store. The unit sale is 
ordinarily not very large, and, as the want is felt at frequent intervals, 
the buyer is not justified in going far out of his way to satisfy it. Exam- 
ples of convenience goods are cigars, magazines, confectionery, package 
groceries,-and shaving soap. The task of the manufacturer of con- 
venience goods is to stimulate buying motives and have his product on 
sale in as many stores and at as many convenient points as possible. 
Inasmuch as the buyer has felt the want before he enters the store, 
the task of the retailer is to have those goods on hand. In other words, 
the retailer of convenience goods stimulates patronage motives by 
having on hand the articles for which the manufacturer has already 
created a demand. Since the unit sale is small, the retailer may sub- 
stitute in some cases, but the customer is not likely to come back if 
another store close by can satisfy his want. Furthermore, when the 
retailer substitutes an article for the one requested, he must assume the 
responsibility. If that for which the customer has asked is unsatis- 
factory, the consumer blames the manufacturer. But if the substitute 
is unsatisfactory, he blames the dealer. 
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Several years ago the United States Department of Agriculture 
attempted to stimulate the marketing of butter and eggs by parcel 
post. The result in nearly every case was unsatisfactory. Butter and 
eggs are convenience goods, the want for which will not be anticipated 
sufficiently far in advance for the consumer to order ahead. Further- 
more, he will not take the trouble to order by mail an article of so small 
a unit price, when he can purchase it at the corner grocery. Moreover, 
the venture did not always prove to be profitable for the producer. In 
marketing directly, he had to assume the functions of the middleman or 
retailer. The cost of selling and getting the goods to the consumer 
took a good share of the profit. In addition, the inability of a producer 
to give the service commonly expected from the retailer inevitably leads 
to dissatisfaction. 

Shopping goods are purchased only after a comparison of price, 
quality, and style. These are customarily sold in dry goods and depart- 
ment stores, where women are the principal buyers. They are seasonal 
commodities, and although the want may have been felt, it can usually 
be deferred until the consumer finds something that is satisfactory both 
in price and quality. The task of the retailer of the shopping goods, 
therefore, is to carry a large variety of the seasonal styles in quite a 
range of price and quality. The object, of course, is to have such a 
great variety that the customer will not find it necessary to go to other 
stores to make comparisons but will shop within the one store. The 
manufacturer of shopping goods must anticipate style tendencies and 
make a variety of goods in price and quality to attract the department 
store buyer. 

Specialty goods are goods that have such a special attraction to the 
buyer that he will go out of his way to make the purchase. In many 
instances, the buyer has decided upon the article he wants before going 
to the store and so makes the purchase without “shopping around.” 
Examples of specialty goods are men’s clothing, men’s shoes, auto- 
mobiles, and phonographs. The manufacturer of specialty goods must 
be reaching out constantly for new customers, for the unit sale is usually 
large and the purchases are made infrequently. Obviously, such a plan 
necessitates a great deal of advertising both by the manufacturer and 
the retailer. The manufacturers of specialty goods commonly sell their 
product through exclusive agents. When an agent is granted sole selling 
rights in a certain section, it is assumed he will push the article aggres- 
sively. To induce exclusive agents to advertise more extensively, the 
manufacturers sometimes assume a certain percentage of the cost. 

A classification of this kind cannot, of course, include all lines of 
merchandise. The dairyman will immediately see that market milk 
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has no place in it. Market milk is sold from wagons and demands an 
entirely different scheme of merchandising, which will not be discussed 
here. An intelligent merchandising program must, therefore, first deter- 
mine the classification of the product so that the method of distribution 
may be determined. 

Should the manufacturer of ice cream decide to make a fancy product 
or individualize it to such an extent that it is different from the ordinary 
commercial ice cream, then he must market it as specialty goods through 
his own stores or exclusive agents. He must expect, and try to induce, 
the consumer to go out of his way to purchase his product. Such a plan 
will not result in a large volume of sales because of the necessarily 
restricted territory within which ice cream must be sold. 

Trading Up.—The large ice cream firms with separate catering 
departments customarily market their fancy products as specialty goods. 
Many firms take orders directiy from the consumer for these. One 
firm is known to have established an office and display room in the best 
part of town simply to take orders for the catering department. 

Fancy ice cream has a certain value to the large manufacturer from 
a merchandising point of view, in that it tends to lend prestige to the 
other products. There are many instances where firms have put out a 
very superior article in order to advertise their cheaper and _ better- 
selling products. Such a practice is known as “trading up.” The 
opposite thing, that is, ‘trading down,” results when the maker of a 
high-class product puts out a cheaper article. The cheaper one usually 
proves to be the better seller at the expense of the high-class one. The 
lowest-class product sold under a trade name sets the reputation for 
that trade name, irrespective of the ‘quality goods” sold under the 
same brand. 

The large bulk of ice cream as it is sold to-day must fall under the 
classification of convenience goods. It is purchased frequently at easily 
accessible stores. Repeat purchases constitute a large percentage of 
sales. The consumer, in the case of convenience goods, usually seeks 
to purchase immediately the want is felt, a case exactly opposite that of 
the specialty goods, where the consumer may contemplate his purchase 
for some time after the want is felt. The cost per unit of convenience 
goods is usually too small to justify the consumer’s going far out of his 
way to satisfy his want. Obviously, a merchandising plan of con- 
venience goods must take these facts into consideration, and the manu- 
facturer must have the goods on sale in as many conveniently located 
stores as seems practicable. That this has been the tendency among ice 
cream manufacturers is amply demonstrated by data compiled by the 
National Association of Ice Cream Manufacturers in their second Pro- 
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duction and Distribution Survey. Their statistics show that there are 
six principal dealer outlets. 


Cissacation Number of | Volume of 
Dealers * Sales + 

Per Cent Per Cent 
Confectionery stores.......... 30.25 27.8 
(Grocery storeseen eee 18.95 ala leet 
Drugistoresis asec ae 16.30 * 29.2 
Winvsicerstalcas seater 10.16 3.8 
Hotels and restaurants....... 7.99 12.8 
Ciganistoressae se cata 3.05 Al 
Wirclassitied eerie eee 13.30 13.2 
100.00 100.0 


* Based on the report of 588 ice cream plants serving 79,704 dealers. 
+ Based on the report of 240 typical ice cream plants throughout the country having a combined 
total output of 22,099,921 gals. 


It must be realized, of course, that the manufacturer is carrying his 
distribution to extremes when it becomes necessary to take on customers 
who later prove to be non-profitable stops. ; 

The next point in the merchandising program is to determine th 
selling points of the product. “What,” asks the manufacturer, “are the 
best appeals to use in advertising my product?” In arriving at an 
answer, the manufacturer must attack the question from the other end. 
He must determine why that product is bought by the consumer, and 
what motives lead the consumer to buy. Having once determined 
those motives, a proper appeal can be made to them. A study by 
Copeland! of the consumer’s buying motives, based upon actual condi- 
tions, has been a great help in solving merchandising problems. He 
divides the existing buying motives into two classes: emotional and 
rational: ; 


Emotional buying motives have their origin in human instincts 
and emotions, and represent impulsive or unreasoning promptings to 
action. Purchases are stimulated through these motives, not by an 
appeal to reason but by arousing the desires of the consumer to satisfy 
those instincts and emotions. Rational buying motives are those which 
are aroused by appeals to reason. When these appeals are used, it 
is expected that consumers will make their purchases only after reflection 
and the use of their powers of reason, 


1 Copeland, M. T., Principles of Merchandising. A. W. Shaw Co., 1925. 
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Under both classes, he includes all of the present buying motives 
now being used. Of the emotional group, there are three which may 
properly be used in an ice cream appeal. The first is called maintaining 
and preserving health. This goes back to the innate instinct of self- 
preservation and may be used in ice cream advertising in connection 
with the present knowledge of the food value of ice cream. The second 
motive is termed “satisfaction of the appetite.” This is the universal 
desire for food and drink to which national advertisers appeal in selling 
food products. The third, “pleasing the sense of taste,” is an appeal 
which emphasizes the flavor, quality, or savor as perceived by the 
palate. It is believed that the last is the strongest buying motive the 
ice cream manufacturer can use. The fact that the highest percentage 
of ice cream is sold in the hot summer months, when it is eaten solely 
to please the sense of taste is sufficient demonstration of the strength 
of this appeal to taste. The present tendency to emphasize in adver- 
tising the food value of ice cream does not seem so effective. The 
ordinary individual on the street, if asked why he buys a dish of ice 
cream, would give as his reason, not that he believes ice cream to be 
high in food value and a good thing for him to eat, but that he likes 
the taste. The appeal to the buying motive of maintaining and pre- 
serving health is by no means wasted; no doubt many mothers have 
given the children extra money for ice cream after knowing its value 
as food for the growing child. Nevertheless, the manufacturer gets 
the most out of his advertising, when the appeal is to the strongest 
buying motive. 

Of the rational buying motives, only one may be consistently 
appealed tc, namely, dependability of quality. When an appeal is made 
on this basis the manufacturer stresses the purity and the uniformity of 
his product. Because of the nature of this motive, its greatest value is 
in securing the consumers’ confidence in the product. The consumer is 
more apt to do without ice cream than to go far out of his way to secure 
it, if he is actuated only by dependability of quality. Rational buying 
motives have a greater influence on the retailer than emotional ones; 
hence, from this point of view, dependability in quality may well be 
stressed. 

The modern tendency in the ice cream industry seems to be toward 
a larger scale of production. This is made possible by the increasing 
part that machinery plays in the manufacture of ice cream and the 
substantial backing the industry is receiving from large capital. As the 
scale of production grows larger, the formulation of the internal operating 
policies grows more complicated. The yearly marketing of several million 
gallons of ice cream by a single plant necessitates a highly efficient 
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selling organization. Such an organization may be divided into a sales 
department, which deals with the problems of handling and paying 
salesmen; an advertising department; and a delivery department, 
which should rightly come under the sales manager. Perfect codrdina- 
tion in selling, advertising, and delivery is essential to sound mer- 
chandising. 

Many books have been written covering the organization and 
handling of sales departments. The various steps outlined above are 
taken up in great detail and must necessarily be outside the scope of 
this text. Furthermore, the problems confronting the various ice 
cream manufacturers in this respect are so varied that in most cases 
they must be worked out individually for each organization. With the 
introduction of the iceless cabinet, for instance, the manufacturer had to 
decide upon a new policy. Should he continue to furnish iceless cabinets 
to dealers following the long-established practice of furnishing salt-and- 
ice cabinets, or should the retailer furnish his own cabinet and be granted 
a price differential? Conditions in each section are such that the individ- 
ual manufacturer should work out his own policy. 

The physical handling of ice cream is a problem that deserves more 
attention. The rate of stock turn is as important to the ice cream 
manufacturer as to any type of retail merchant. Carrying stocks of ice 
cream at around 0° F. is costly under any circumstances; when an 
excessive stock is carried, the carrying cost becomes too large. The 
rate of stock turn is slowed up by the smaller-sized cans filled with less 
popular flavors. One large firm on the Pacific Coast is making a decided 
success of handling 5-gal. packages only. They reason that the customer 
who cannot handle at least 5 gals. at a time makes an unprofitable stop 
for the truck. Furthermore, stock control with cans of only one size is 
greatly simplified. Undoubtedly, a firm employing such a policy loses a 
few sales. But even so, the profit from such sales will hardly cover the 
éost of carrying in stock a large variety of flavors in cans of many sizes. 

Price Policy.—The demand for ice cream may be generally considered 
inelastic; that is, slight reductions in price do not materially increase 
consumption. Some cities have been the scene of foolish price wars 
among manufacturers, when drastic price cutting, both to the retailer 
and the consumer, affected only slightly the total consumption. It is 
quite evident that the manufacturer is faced with a task much broader 
than selling ice cream; his task is one of aggressive merchandising in its 
broader sense. He must stimulate latent buying motives in the con- 
sumer. The purchaser must be awakened to his wants so that at a 
particular price he will consume more ice cream. 

It is a well-known principle of economics that a manufacturer should 
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sell his product at a price that will cover the cost of production and 
allow a fair profit. The price of ice cream, however, cannot be arbitrarily 
determined, because it is generally well established in each section by 
competitive conditions. As a matter of fact, there is a surprisingly small 
range in the wholesale price of ice cream as it is quoted throughout the 
United States. Most manufacturers ostensibly adhere to a one-price 
policy. Price differential or price cutting to the retailer usually takes 
the form of so-called dealer help; that is, the manufacturer will agree 
to furnish the dealer with an electric sign, an awning, or an iceless 
cabinet. There is no doubt that such practices are greatly abused. The 
manufacturer furnishes a dealer with an iceless cabinet which he uses for 
several months or a season. Along comes a representative from a 
competitor offering to install a new cabinet and perhaps to give the 
dealer an electric sign. The dealer, in most cases, having everything to 
gain and nothing to lose, allows the new cabinet to go in. When the 
truck of the first manufacturer calls the next day, he finds his cabinet on 
the sidewalk and a new sign displayed over the store. Such is the 
inevitable result of substituting price concessions for good merchandising. 
It takes courage and foresight to maintain a one-price policy in the face 
of such competition; but just so soon as a manufacturer shifts his 
selling effort from price to dependability in quality, then will the 
reputation of the firm for integrity and the quality of the product reach 
the point where price concessions are not necessary. 

A uniform quantity discount, however, might well be worked out and 
applied te ice cream merchandising. Such a policy has been successfully 
used by the National Biscuit Company for a number of years. Their 
customers, as respects quantity discounts, are divided into four classes: 


Class A includes those customers who buy a total of all our biscuit 
amounting to $200 or more in a given month. These customers receive 
a discount of 15 per cent. 

Class B includes customers who buy $50 or more in a given month 
but less than $200. These receive a discount of 10 per cent. 

Class C includes customers who purchase $15 or more in a given 
month but less than $50. These customers receive a 5 per cent discount. 

Class D include those customers who purchase less than $15 of all 
our biscuit in a given month, and who receive no quantity discount.” 


The National Biscuit Company makes the following claim: 


Under this plan many independent retailers formerly in Class B or C 
have now by energy and alert, business methods and genuine salesman- 
ship built up their businesses to $200 or more per month, thus putting 


2 Statement published by National Biscuit Company, September 9, 1922, regard- 
ing complaint of the Federal Trade Commission. 
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themselves in Class A and obtaining the largest discount that anyone 
can obtain from the National Biscuit Company. 


Inasmuch as the wholesale price of ice cream tends to be apparently 
uniform in each market at any one time, the manufacturer who through 
efficiency can keep production costs below the average of his competitors 
without sacrificing quality is fortunate indeed. Since costs of raw 
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42.7 


Jource: .!ce_Cream Trade Journal. febr 1/927 
Fra. 106. 


materials and wholesale selling prices tend to be uniform, his margin or 
gross profit should be greater. Such additional margin can be used to 
build more business through advertising and to provide a surplus against 
a time of depression or price war, which every sound business man 
should anticipate. 
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principles of, 327, 375, 376 
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Cornucopia, invention of, 4 
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Cream, acidity of, 301 
bacterial contamination of, 237 
fat determination in, 273 
in the mix, 87 
old, flavor in ice cream, 259 
whipping, 29 
Crumbly ice cream, 264 
Crushed fruits for ice cream, 81 
Crystallization, effect of colloids on, 104 
theory of, 223 
Crystals, benzoic acid, 49 
lactose, 95-99 
sucrose, 94 
Cups, single service, 39 
Currant ice, fresh fruit, 73 
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Delivery, 228 
Depreciation of equipment, 386 
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Dipping chocolate, care of, 57 
Dipping shrinkage, 228 
Dipping temperature, 230 
Direct count of bacteria, 315 
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Draw-Rite controller, 209 
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Driers, can, 377 
Dry ice, 336 
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permitted, 42 
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Energy, definition of, 323 
law of conservation of, 323 
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Equipment, protection from corrosion, 
373 
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Eskimo pies, invention of, 4 
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preparation of, 50 
U. S. Standards, 50 
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dried, 85 
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on the score card, 249, 255-261 
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Food, effect of homogenization on food 
value, 14 
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of ices, 21-25 
Frappé, formule, 24 
with fruit, 86 
Freezer, care of, 184, 369-373 
effect on bactcrial count, 242 
function of, 185, 186 
load, 193 
Freezers, brine requirements of, 372 
Freezing the mix, 184 
Freezing point of ice cream, analysis for, 
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effect of butterfat on, 105 
effect of milk solids-not-fat on, 110 
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Fruit, available forms of, 67 
candied, 81 
canned, 83 
concentrates, 83 
crushed, 81 
dried, 84 
fresh, in ice cream, 69 
importance of varieties, 66 
use, in ice cream and ices, 65-85 
when to buy, 69 
Fruit flavors, characteristics of, 68 
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Fruit ice cream, formule, 18, 19 
Fruit ices, 72, 73 
juices, acidity of, 302 
preservation of, 81 
use in ice cream and ices, 82 
Fucoma method of fat determination, 
285 
Fuels, 325 
Furnaces, 325 
Fuses, selection of, 360 
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Gas remover, non-condensible, 341 
Gasoline extraction, 287 
Gel strength, analysis for, 304-305 
Gelatin, adjustment >f pH of, 119 
aids in digestion, 10 
analysis for, 306 
as a stabilizer, 115 
bacteria in, 238 
effect on viscosity, 123-126 
food value of, 10 
hydrogen-ion concentration of, 119 
legal standards in ice cream, 137 
lumps in ice cream, 263 
properties of, 116-118 
Gerber method of fat analysis, 285 
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convenience, 391 
shopping, 392 
specialty, 392 
Grape ice, fresh fruit, 73 
Gravimetric method of analysis for 
bacteria, 314 
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Hardening ice cream, 222-224 
effect on bacterial count, 243 
preparing cans for, 222 

Health appeal of fruits, 65 

Heat, carried by brine, 348-350 
effect on bacterial content, 239 
exhaust, for pasteurization, 375 
kinds of, 318 
specific, 318 
theory of, 316 
transfer of, 320 
units of, 318 
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Heat transfer, by conduction, 322 
by convection, 322 
factors reducing efficiency of, 322 
Heaters (see Pasteurizers) 
Heating the mix without holding, 240 
High flavor in ice cream, 256 
History of ice cream, 1-6 
Homogenization, effect on bacterial con- 
tent, 241 
effect of double, 177 
effect on viscosity, 131, 173 
of the mix, 171-175 
pressure relation to acidity, 176 
Homogenizer, invention of, 4 
operation and care of, 368 
Hopper system of freezing, 225 
Hydrogen-ion concentration, of gelatin, 
119 
adjustment of, 119 
effect on gel strength, 127 
of ice cream mix, 120 
Hydrometer method of total solids 
analysis, 294-298 
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Ice, and salt for cooling, 328-334 
Ice and salt cabinets, 333 
Ice breaker, 332 
dry, 336 
Ice cream, apricots, canned, for, 83 
apricot, formula, 18, 85 
as a confection, 8 
bacteria in, 236, 251 
banana, formula, 19 
bisque, definition of, 16 
formule, 19 
brick, 224 
cake decorating, 28 
cake making, 26-33 
cakes, 25 
caloric value of, 14 
caramel, formula, 18 
cherry, formula, 18 
maraschino, formula, 80 
chocolate, discoloration in, 55 
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colors, 41-45, 251 
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Ice cream, defects in, 248-265 
definition of, 15 
early standards of, 5 
eggs used in, 111-112 
fancy moulds, 25 
fat analysis of, 283 
fig, formula, 19 

canned, for, 84 

flavor of, 249, 255-261 
food value of, 7-13 
formule, 17-21 
fruits in, canned, 83 
fresh, 69 
fruit juices, use in, 82 
hardening of, 222 
history of, 1-6 
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lemon, formula, 18 
maple, formula, 18 
Mapleine formula, 18 
maplenut, formula, 19 
maraschino cherry, formula, 80 
mint, formula, 18 
nut, definition of, 16 
nuts for, 60-64 | 
orange, formula, 18 
package, 251 
peach, formula, 18 
pineapple, formula, 18 
plain, 15 
raisin, formula, 18 
score card, 248, 250 
scoring, 248-265 
standards, early, 5 
strawberry, formula, 18 
texture of, 249 
total solids, analysis for, 294 
vanilla, formula, 17 
walnut, formula, 19 
weight control, 211 
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Mix) 

Ice cream pies, invention of, 4 
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Ice cream plant, engineering, 316 
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Ice cream sandwiches, 40 
Ice cream scoop, 234 
Ices, acidity of, 302 
bleeding of, 21 
classification of, 17 
definition of, 15 
formule, 21-25 
fresh fruit, 72-74 
“petrified,” 22 
plain, definition of, 17 
water ice formula, 22 
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cups, 39 
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Ingredients of the mix, 87-133 
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Trish moisture test, 289 


J 


Jackets for shipping ice cream cans, 335 
Juices, fruit, acidity of, 302 
preparation and preservation of, 81 
preservation, by benzoate, 82 
by pasteurization, 82 
uses in ice cream and ices, 82 


Kk 
Kohman method of fat determination, 
287 
L 


Lacto, definition of, 16, 21. 
raspberry, formula, 21 
with fruit, 86 
Lactose, 95 
crystals, 98 
Lemon, fresh, in ice cream, 70 
oil of, 53 
Lemon ice cream, formula, 18 
Lemon ice, fresh fruit, 73 
Liquids transferred by pressure, 366-368 
Loganberry ice, fresh fruit, 73 
Lumps of gelatin in ice cream, 263 
Lysine in gelatin, 10 


M 
Macaroon bisque, formula, 19 
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Machines, refrigeration, capacity of. 339 
Maple ice cream, formula, 18 
Mapleine formula, 18 
Maplenut ice cream, formula, 19 
Maraschino cherries, preparation of, 77— 
80 
Marshmallow bisque, formula, 19 
Materials, raw, as source of bacterial 
contamination, 237 
Measurement of temperature, 316-317 
Mechanical refrigeration, 336-341 
Merchandising, 390 
Metallic flavor of ice cream, 257 
Methyl chloride, as a refrigerant, 337 
Milk, acidity of, 300 
bacterial contamination of. 237 
condensed skim, 89 
dry skim, 91 
fat analysis of, 268-273 
proteins in, 108 
structure of, 101 
sweetened condensed, 293 
total solids determination, 292 
Milk powder, fat analysis, 282 
solubility of, 307 
Milk solids-not-fat, effect on the freezing 
point of the mix, 110 
effect on viscosity, 129 
Milk sugar, 95 
Mint ice cream, formula, 18 
Mix, acidity of, 162 
aging the, 182 
calculation of, 134-161 
coloring of, 41 
complexity of, 120 
cooling the, 180-182 
freezing the, 184 
gelatin in, 118 
heating without holding, 240 
homogenization of, 171-175 
ingredients of, 87 
neutralization of, 166, 167 
pasteurization of, 169, 240 
physiological aspect of, 104 
pH determination of, 120 
viscosity of, 113 
Moisture test, Irish, 289 
Mojonnier method, of butterfat determi- 
nation, 267 
of total-solids determination, 289 


INDEX 


Mojonnier milk tester introduced, 4 
Mojonnier overrun tester, 4, 204 
Motors (see Electric motors) 
Moulds, coloring, 34 

dummy, 37 

fancy, 25 

individuals, 33 

paraffin, 37 
Mousse, definition of, 16 

formula, 20 é 
Muskmelon, fresh, 71 


N 


Neutralization, effect of, 164 
flavor in ice cream, 258 
of the mix, 166-168 
Normal buty! alcohol method, 278 
Nut ice cream, 16, 19, 86 
Nutritive ratio, definition of,9 
of ice cream, 10-11 
Nuts, for ice cream, 60-64 
percentage of meat in, 63 
specific gravity of, 63 


O 


Oil, of lemon, 53 
of orange, 53 
Old flavor in ice cream, 260 
Orange, fresh, 71 
oil of, 53 
Orange ice cream, formula, 18 
Orange ice, fresh fruit, 73 
Overrun (see Yield) 
Overrun tester, Mojonnier, 4, 204 
Overrun testers (see Draw-Rite and 
Willman controllers) 
Benkendorf, 193 


12 


Package, defects, 265, 266 
ice cream, 251 

Paraffin for moulds, 37 

Parawax, 37 

Parfait, coffee, formula, 20 
definition of, 16 
maple, formula, 20 
tutti-frutti, formula, 20 
walnut, formula, 20 

Pasteurization, effect on bacterial count, 

240 


INDEX 


Pasteurization, of fruit juices, 82 
of the mix, 169 
use of exhaust steam for, 375 
Pasteurizers, kinds of, 374, 375 
Peach ice cream, formula, 18 
Peach ice, fresh fruit, formula, 73 
Peaches, fresh, for ice cream, 71 
Pears, alligator (see Avocados) 
fresh, for ice cream, 71 
Permitted dyes, 42 
Persimmons for ice cream, 72 
‘‘Petrified”’ ices, 22 
Pies, coatings, 58, 59 
Eskimo, invention of, 4 
one-layer, 33 
Pineapple ice cream, formula, 18 
Pineapple ice, fresh fruit, 73 
Piping, steam, 326 
Plant, lighting, 361 
engineering, 316 
yield, 222 
Plum ice, fresh fruit, 73 
Powder, milk, solubility of, 307 
skim-milk, 91, 238 
Power, choice of, 356 
definition of, 323 
Preserves, strawberry and other fruits, 
80 
Preserving fruit juices by pasteurization, 
82 
Price policy, 396 
Primary dyes, 43 
Processing, bacteriological 
240 
effect on viscosity, 130 
of the mix, 162-235 
Prune ice cream, 84 
Pudding, definition of, 16 
formula, 20-21, 86 
Manhattan formula, 20 
Nesselrode, formula, 20 
Oriental formula, 21 
plum formula, 20 
Pumping, power requirements of, 363 
Pumps, brine, 366 
sanitary, 366 
vacuum, 365 
Punch, cardinal, formula, 24 
claret, formula, 24 
cranberry, formula, 24 


effect of, 
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Punch, Roman, formula, 24 
with fruit, 86 


R 


Raisin ice cream, formula, 18, 85 
Rancid flavor in ice cream, 259 
Raspberries, fresh, 71 
Raspberry ice, fresh fruit, 73 
Ratio, nutritive, 9 
Ration, balanced, 9 
Refrigerants, 836-338 
Refrigerated trucks, 334 
Refrigeration, compression system, 338 
definition of, 327 
machines, capacity of, 339 
mechanical, 336-341 


S 


Salt, analysis for, 303 
and ice, for cooling, 328-334 
flavor of, in ice cream, 259 
Sandiness in ice cream, 95-100, 263, 264 
Sandwiches, ice cream, 40 
Sanitary pumps, 366 
Scales, cream weighing, 275 
Scoop, types of, 234 
Score card, for ice cream, 248 
Score, of ice cream, effect of bacteria on, 
244 
factory, 246, 247 
Scoring, accuracy of, 253 
method of, 252 
value of, 248 
Scraper, blades, 191 
function of, 186 
Serum solids, effect on viscosity, 129 
on the score card, 252 
Sherbet, definition of, 17 
formule, 23 
Shipping jackets, 335 
Shrinkage, dipping, 228 
effect of yield on, 231 
Skim milk, condensed, 89 
bacteria in, 237 
dry, 91 
fat analysis of, 277 
superheated condensed, 92 
total-solids determination of, 292 
Soggy ice cream, 261 
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Solids in ice cream, effect on adsorbed 
and absorbed water, 106 
Solubility of milk powder, 307 
Solutions, color, 43 
Soufflés, definition of, 25 
pineapple, formula, 25 
Sour flavor in ice cream, 260 
Specialties, 25 
Stabilizer, gelatin as a, 116 
Stale flavor in ice cream, 260 
Standards, bacteriological, 236 
early, 5 
of butterfat in ice cream, 137 
of gelatin in ice cream, 137 
Steam, 323 
formation of, 324 
piping, 326 
Steam-operated equipment, 326 
Sterilizers, 380 
Sticky body of ice cream, 262 
Storage, cold boxes, 341 
Strawberries, cold packing of, 74 
fresh, 74 
frozen, 16 
Strawberry ice cream, formula, 18 
Strawberry ice, fresh fruit, 73 
Strawberry preserves, 80 
Structure of milk, 101 
Suckers, frozen, 39 
Sucrose, crystals, 94 
Sugars, 93-105 
bacteria in, 238 
effect on viscosity, 131 
invert, 101 
milk, 95 
Sulphurous acid brine for maraschino 
cherries, 78 
Superheated condensed milk, 92 
Surface tension, 132, 133 
Sweetened condensed milk, 89 
total-solids analysis of, 293 
Sweetened condensed skim milk, 90 
Sweetness, lacking, 257 
too much, 256 
Syrups, fruit, 82 


T 


Tanks, brine corrosion of, 350, 351 
Temperature, measurement, 316, 317 


INDEX 


Temperature, of brine, 191 
of dipping, 230 
regulators, 385 
Testers, Benkendorf, overrun, 193 
Mojonnier overrun, 204 
(See Draw-Rite and Willman con- 
trollers) 
Tests, for coumarin, 52 
lead acetate, 52 
of dairy products, 267-315 
Texture, defects in ice cream, 261-264 
of ice cream, 249 
Thermometers, 381 
adjustment of, 385 
recording, 382-385 
testing of, 385 
Total solids, analysis for, 289-298 
Farrington method of determination 
of, 291 
Mojonnier method of determination 
of, 289 
Trading up, 393 
Tragacanth, 130 
Transfer, of heat, 322 
of liquids by pressure, 366 
Trucks, refrigerated, 334 
Tubes, decorating, 29 
Tutti frutti, 20 


U 


Unclean flavor in ice cream, 261 

Unit of heat, 318 

Unnatural flavor in ice cream, 261 
Unsweetened condensed, test for fat, 280 


Vv 


Vacuum pumps, 365 
Vanilla, beans, 46 
effect on whipping cream, 29 
extract, adulterations of, 51 
composition of, 50 
preparation of, 50 
U.S. Standards, 50 
grades of beans, 48 
Vanilla ice cream, formula, 17, 52 
Vanillons, 49 
Variation in weight per gallon ice cream, 
212-216 
Viscogen, 29 


INDEX 


Viscosity, absolute, 121 
apparent, 121 
determination of, 121 
development of, 121 
effect of agitation in pasteurization 
on, 169 
effect of butterfat on, 106, 129, 130 
effect of dasher on, 189 
effect of gelatin on, 123-126 
effect of homogenization on, 131, 
171-173 
effect of neutralization on, 166 
effect of processing on, 130 
effect of quality of gelatin on, 126 
effect of serum solids on, 129 
factors affecting, 115 
of ice cream mix, 115 
real, 121 
stabilization of, 104 
Viscosimeter, Doolittle, 123 
MacMichael, 122 
Vitamins, effect of freezing on, 12 
effect of heat on, 12 
in fruit, 65 
kinds of, 11 
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Vitamins, origin in milk, 11 
Volumetric method of bacterial analysis 
of ice cream, 312 


W 


Walnut ice cream, formula, 19 
Walnuts for ice cream, 62 
Washers, can, 377-380 
Water, bacterial contamination of, 237 
Water ice with canned apricots, 83 
Watery body in ice cream, 262 
Weak body in ice cream, 262 
Weight, control in ice cream, 211 

per gallon, variation in, 212 
Weight standards and food solids, 219 
Whipping cream, 28, 29 
Willman controller, 208 
Work, definition of, 323 


We 
Yield, calculation of, 221 
control of, 197-211 
effect of per cent fat on, 107 
effect of shrinkage on, 231 
plant, 222 
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